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ABSTRACT
The Simulation Time History Computer Program, STH,

has been developed at the Carderock Division of the Naval
Surface Iarfare Center to provide realistic, random wave
time histories of the six-degree-of-freedom (6DOF) ship
responses, i.e., surge, sway, heave, roll, pitch, and yaw.
The 6DOF origin" time histories are developed using
transfer functions obtained from the Navy Standard Ship
Notion Computer Program, SNP84. The random waves are
simulated using a two-parameter Bretschneider wave spectral
model. The random waves are represented as either
unidirectional (longcrested) or spread i 90 degrees about a
predominant direction (shortcrested).

A separate Access Time History Computer Program,
ACTH, has also been developed to provide additional
displacements, velocities, and accelerations at various
locations on the ship. Force time histories, which include
gravity, are computed in the ship's body axis coordinate
system. The ACTH program utilizes the origin time
histories generated from the STH program.

The computer programs, STH and ACTH, are written in
FORTRAN 77. The response time histories are written from
the ACTH program in binary format but can optionally be
written instead in an ASCII format for ease in transferring
between computers.

ADMINISTRATIVE INFORMATION
Funding for this project is authorized and provided by the Naval

Sea Systems Command (NAVSEA) in FY88 under Work Request 10472,

Project Element 63546N and in FY89 under Work Request 10447, Project

Element 64270N, identified at the Carderock Division (CARDEROCKDIV)

as Work Units 1561-810 and 1561-859, respectively. Additional

funding to complete the documentation was provided by the Naval

Research Laboratory (NRL) in FY92 under Work Request 20057, Project

Element 62270N, identified at CARDEROCKDIV as Work Unit 1561-887.

INTRODUCTION

In 1981, CARDEROCKDIV* documented and released a frequency

domain ship moticn prediction program called the Navy Standard Ship

Motion Program, SMP81. 1 This computer program, and the subsequently

updated version, SMP84, 2 calculates the translational and angular

ship statistical responses in irregular (random) seas.

* formerly the David Taylor Research Center (DTRC).



Although originally encompassed within the scope of the SMP
developmental work, response time history generation has never been
formally documented as a computer tool. In 1976, using the theory

and equations from References 3 and 4, a longcrested, origin time
domain data base was assembled for a set of destroyers and frigates.
This data base, in turn, could be accessed and manipulated to obtain
either longcrested or shortcrested response time histories via the

5Time History Access Program, THACP . This report will provide the
software and documentation for generating origin time histories and a
new access program for utilizing them to obtain additional response

time histories.

The need for a time domain versus a frequency domain methodology
lies in the phase relationship between ship motions. Frequency
domain analysis eliminates the phasing information while developing a
universe of single amplitude, statistical answers for ship responses
over a range of ship headings, ship speeds, and modal wave periods at
specific wave heights. Frequency domain answers, such as those

predicted in SMP84, are independent, earth-referenced, absolute or
relative displacements, velocities, and accelerations at various

locations on the ship.

On the other hand, time domain analysis retains the phasing of
one motion with respect to another. Thus a data base of origin time

histories can be operated upon at any point in time to obtain
additional response time histories at various locations on the ship.

It also allows for the translation from an earth-referenced system to
a ship-referenced system whereby the forces on an object on the ship
can be determined. This is required when evaluating forces, apparent

in the ship's body axis coordinate system, due to the component of
gravity contributed by angular displacements.

Applications for using time domain data are many and varied.

For example, ship motion time histories can be
"o input to flight simulators for launch and recovery of

aircraft on moving decks;
"o used for determining forces/effects on equipment,

aircraft, munitions 6 , or anything on or in the ship;

2



"o utilized for human factors considerations and the

occurrence of Motion-Induced Interruptions (MII)7

"o helpful in developing/evaluating limitations on

shipboard systems.
The remainder of this report is divided into four major

sections:

Theoretical Background - a description of the theory used to
develop ship response time histories in random waves. Expressions
are provided to obtain responses at various locations on the ship.
The transformation from earth coordinate system to ship coordinate
system for forces is described.

Computer System - a description of the hardware and software
used in the development/execution of the programs;

Simulation Time History Program, STH - a description of the
program used to generate wave time histories and associated

six-degree-of-freedom (origin) ship response time histories. Input
and output for the STH program is discussed. An example of running
the STH program is provided; and

Access Time History Program, ACTH - a description of the program
used to compute ship response time histories at various locations on
the ship from the data base of STH origin motion time histories.
Input and output for the ACTH program is discussed. An example of

running the ACTH program is provided.
This manual was written with the intention of providing simple,

easy-to-use methods for generating ship response time histories in
random seas. A necessary requirement is the availability of SMP84
Origin transfer functions for specific ships. Although time
histories can be used for a wide range of purposes and each user's
need may be different, careful reading and understanding of the

illustrated examples is considered the fastest method for learning
how to utilize the software tools.

THEORETICAL BACKGROUND
The theory necessary to develop ship response time histories in

random seas is outlined in the following sections. These response

3



time histories are generated using regular wave response transfer
functions obtained from the Navy Standard Ship Motion Program,
SMP. ' 2 A basic set of six response time histories is generated at
the longitudinal center of gravity of the ship by the Simulation Time
History Program, STH. This base set of time histories is then used
to generate response time histories at other locations on the ship by
the Access Time History Program, ACTH.

SHIP RESPONSES IN REGULAR WAVES
There are a basic set of six ship responses (surge, sway, heave,

roll, pitch, and yaw) at the ship's longitudinal center of gravity
(LCG) from which motions at all other locations on the ship can be
developed. These responses are referred to as the six degrees of
freedom (6DOF).

The strip theory of Salvesen, Tuck, and Faltinsen8 is used to
obtain the 6DOF responses for a ship advancing at constant forward
speed with arbitrary heading in regular sinusoidal waves of unit
amplitude. The theory of Reference 8 is implemented in the Navy
Standard Ship Motion Computer Program SMP81 1 and the subsequently
updated version, SMP84. 2

The 6DOF responses are assumed to be small, linear, and harmonic
with respect to a wave whose maximum elevation is located at the
origin of the x,y,z coordinate system shown in Fig. 1. This
right-handed coordinate system is moving at the constant mean forward
speed with the origin lying in the undisturbed free surface and
located at the LCG.

It should be noted that a ship advancing through regular waves
responds to the wave frequency of encounter given by,

IE W - ( 2V/g) cos(p) I (I)

where V is the mean forward speed of the ship, A is the heading
angle, and w is the wave frequency. The absolute value is taken to
avoid using negative encounter frequencies. The definition of
heading angle is shown in Fig. 2 for waves advancing from the

4



starboard side of the ship.
Although the 6DOF ship responses are assumed to be linear,

experiments with ship models in regular waves, as reported in
Reference 6, show that the roll response exhibits nonlinear behavior
with increasing wave amplitude. In addition, the experiments of
Reference 9 show that the roll damping coefficient of the equations
of motion at the natural roll frequency tend to be nonlinear with
increasing roll angle. This nonlinear behavior of roll is treated in
SMP ' 2 through modifications made to the roll damping coefficient
which is assumed to be a function of mean roll angle. SMP computes
the lateral responses (sway, roll, and yaw) for a set of eight mean
roll angles, 0.5, 1, 2.5, 5, 10, 15, 25, and 40 degrees.

The 6DOF ship responses to regular sine waves are defined as
ship origin transfer functions which vary with wave frequency, ship
speed, ship heading relative to the waves, and, in the case of the
lateral responses, mean roll angle. The SMP84 program outputs a file
of the 6DOF origin transfer functions (amplitude and phase) with
respect to regular waves called the Origin file. This file is used
to provide a data base of transfer functions which are used in the
generation of time histories of ship responses in random seas which

is discussed in a latter section.

SHIP RESPONSES IN RANDOM SEAS
The SMP84 program principally predicts the translational and

angular ship statistical responses in random (irregular) seas using
calculations performed in the frequency domain. Two basic
assumptions are used in making ship motion predictions in random

seas 1 0 , namely:
1. The random sea waves can be represented as a sum of simple

sine waves whose amplitudes are obtained from specified wave spectral

densities and whose phases are random with a uniform distribution;

and
2. The responses of a ship to the random sea waves can be

obtained as the sum of the ship responses to the individual sine
waves that compose the random sea.

5



The instantaneous wave elevations of the random seas have a
narrow-banded Gaussian distribution with zero mean. The wave single
amplitudes (1/2 the peak to trough values) have a Rayleigh

distribution.
The responses of the ship in random seas represent a linear

tranformation applied to the Gaussian random waves. Thus the
instantaneous ship responses are assumed to be Gaussian with zero
mean and the ship response single amplitudes are assumed to have a
Rayleigh distribution.

Table I provides a set of single amplitude Rayleigh statistical
constants which can be applied to either a wave or ship response
standard deviation to obtain estimates of various amplitudes such as
the average of the one-third highest amplitudes (significant value),
the highest expected amplitude in 200 cycles, etc.

The roll single amplitudes are assumed to have an underlying
Rayleigh distribution which is modified by the nonlinear behavior of
roll damping with increasing roll amplitude. SMP84 provides roll
predictions in random seas for a user-specified Rayleigh statistic,
such as significant single amplitude, see Table 1, and a specified

significant wave height (average of the one-third highest wave double
amplitudes). The user is referred to the SMP81 user's manual 1 for
more details concerning the method used to obtain roll predictions in
random seas.

SEAWAY DESCRIPTION
A two-parameter Bretschneider wave spectral model is used to

define the frequency content of the random sea waves. The two
parameters are, by definition, significant wave height, (rW)1/31 and
modal (peak) wave period, TO. The wave spectral density, S (W), is
defined as:

S (W) - A .- exp(-Bw- 4 ) in m 2 s or ft 2 -s , (2)

where,
A - 487.0626 (fW)1/3/TO in m2.s or ft 2s , and (3)

6



B - 1948.2444/T 0
4  in s- , (4)

and w is the wave frequency in radians per second.
It should be noted that the area under the spectrum is equal to

the variance or mean square value of the waves. The square root of
the variance is called the standard deviation. The significant wave
height is defined as four times the standard deviation. The wave
spectral shape is a function of the modal wave period. Examples of
the wave spectra are shown in Fig. 3 for modal wave periods of 7, 11
and 21 seconds. Note that the same significant wave height value of
12 feet is used for each of the three wave spectra shown.

The distribution of wave spectral energy as a function of
heading with respect to the ship is considered either to be

unidirectional (longcrested) or spread ± 90 degrees about a
predominant direction (shortcrested). The shortcrested wave spectral
density, Sr(w,v), is defined as:

Sr(W, a B (2v-p) • St(w) , (5)

where Sr (() is the longcrested wave spectral density defined in Eq.

2. The cosine-squared spreading function, B 2, used to spread the
wave energy from longcrested to shortcrested seas, is defined as:

B 2(V-i) - (2/w) • COB2 (v-) . (6)

The heading A in the case of shortcrested seas represents the
predominant heading containing the principal amount of wave energy.

The heading angle v repvesents one of the component heading angles.
SMP84 uses a 15-degree heading increment to define v. Thus,

there are thirteen component headings, six on either side of the
predominant heading angle. The cosine-squared spreading function for

each of these component headings is:

7



Xk+dX/2

Bk2 - (2/Wf coo 2 (Xk)dX (7)

Xk-dX/ 2

where Xk - uk - A is the wave direction relative to the predominant

direction. Thus,

Bk 2 - 1/6 cos2 (Xk) (8)

where Xk - kw/12, k - -6,6.

An example of the shortcresting method is shown in Fig. 4 for an

output predominant heading angle of 45 degrees. Note that the

heading convention for computational work in SMP84, as defined in

Fig. 2, defines 180 degrees to be head seas, 90 degrees as starboard

beam seas, and zero degrees as following seas. The heading angles

presented in the SMP84 output however differ from the internal

computational heading angle by 180 degrees, i.e.,

Poutput " 180 - A computational * (9)

Thus, for output purposes, zero degrees represents head seas, 90

degrees represents starboard beam seas (unchanged), and 180 degrees

represents following seas. This output heading convention was

selected to bring consistency between program output and conventions

employed by the ship and aircraft operator communities.

DEFINITION OF TIME HISTORIES

Time histories in random seas are defined as time series sampled

at equal time intervals for a period of time sufficiently long to

provide stable statistical results. Typically this time duration is

15 minutes or longer. These time histories contain approximately 100

cycles which have varying amplitudes and periods. The amplitudes

follow a Rayleigh distribution.

8



Wave Time Histories at the Origin
Time histories of encountered waves located at the origin of the

fixed earth coordinate system which is moving at constant mean
forward speed are computed for either longcrested or shortcrested
seas using the method of Zarnick3 .

The longcrested (unidirectional) wave time history, •LC(t), is
defined as:

N

LC("- { k) cob (wEkt + 7fk) } (10)

k-I

where (i Ek is the encountered wave frequency defined in Eq. I for wave
frequency wk and 7k is a random phase angle with uniform distribution
at wave frequency wk"

The wave amplitude, •k' at wave frequency k is defined as

kk+dC1/2

where S.(w) is the wave spectral density defined in Eq. 2.
The number of frequencies, N, used to compute the wave time

history should be large in order to obtain an representative Rayleigh
distribution of single amplitudes. The value of N used in the
Simulation Time History Program, STH, is 150.

The range of wave frequencies is determined in SMP84 when the
origin transfer function file is generated. The frequency increment

used to generate the wave time history is:

dw = ("max - (min)/(N-1) (12)

where wmax and Wmin are the maximum and minimum wave frequencies used

9



in SMP84 for a particular ship. SMP84 uses different values for 'max
depending on the ship's roll period.

For most headings and ship speeds, the encounter frequencies

computed by Eq. 1 and used in Eq. 10 are incommensurate. This is an

important requirement which prevents the longcrested time histories

from repeating after a period of time. This requirement is violated

in beam seas or for a ship speed of zero knots. For this situation,

the wave frequencies are adjusted slightly using a random frequency

increment to guarantee that they are incommensurate as:

*k w (Jk - (dwi/2) • (I - 2.RANDk) (13)

where RANDk is a random number selected at frequency wk with a value

between 0 and I and which has a uniform distribution.
The shortcrested sea condition spreads the wave directions ± 90

degrees from a predominant wave direction relative to the ship. The

shortcrested wave time history, rSC(t), is defined as:

M N

rsc (t) u- E (bj yk) cos wkt+ ÷ jk) (14)

J-1 k-I

where b is a factor for angular spreading of the wave energyj

(assumed independent of wave frequency). A cosine-squared function
is used to spread the wave energy from longcrested to shortcrested

seas, i.e.,

X +dX/2
b - (2 1/ i)• Cos 2 (X i)dX }•,(15)

xj-d /2

where X is the wave direction relative to the predominant direction.

10



Origin Motion Time Histories
Time histories of ship responses to longcrested seas, rLC(t),

are defined as:

N
rLC(t) - E ( (RAk • fk) cos (WEkt + 7k + Ep) ) , (16)

k

where RAk is the amplitude of the ship response transfer function at
the wave frequency of encounter, wEk" The phase angles ePk refer to
the phase of the ship response with respect to the maximum elevation
at the origin of the x,y,z coordinate system shown in Fig. 1.

Note that velocities and accelerations of the ship responses
computed in the ACTH program are obtained by digital differentiation
in the time domain.

Motions at a Point Time Histories
The translational displacement time histories of any point on

the ship (x*, y *, z*) are obtained as

EL 0 (t) - x(t) - y sin 0(t) + z* sin 0(t)

+ x [cos O(t) + cos 0(t) - 2) , (17)
* *

ELA(t) - y(t) - z sin 0(t) + x sin 0(t)
+ y*[cos *(t) + cos 0(t) - 2) , (18)

* *

ELV(t) - z(t) - x sin 8(t) + y sin *(t)
* z [cos 9(t) + coo *(t) - 21 (19)

where ELO, ELA, and ELV are the ship displacements in the
longitudinal, lateral, and vertical directions, and x, y, z, 0, 9,
and 0 are surge, sway, heave, roll, pitch, and yaw, respectively.

Wave Time Histories at a Point
Time histories of encountered waves at any point on the ship
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(x*, y ) in longcrested seas are obtained as:

N
Lc(t) E { tk Cos Wkt -

kl

K(x*cos A + y*sin A) + TO] } (20)

where K is the wave number defined as K = w2/g, and A is the

computational heading angle.

Encountered wave time histories at point (x , y ) in

shortcrested seas are obtained as:

M N

r*SC ( - ( (bj - cos [wEjkt-
j=1 k-1

K(x cos Aj+ y sin Aj) + 7jk] } (21)

Relative Motion Time Histories
The relative motion of any point on the ship (x*, y*) is

represented by:

RM(t) - ELV(t) - (t) (22)

where ELv is the absolute vertical displacement and * is the

undisturbed wave elevation at that point.

Ship System Force Time Histories

There are two types of forces applied to a body at any point

(x*, y , z*) on the ship. The first type consists of the inertia

forces due to the accelerations of the ship and the second type is

due to the acceleration of gravity. No friction forces or wind drag

forces are computed in the Access TIme History Program, ACTH.

The forces per unit mass in the fixed earth coordinate system

are defined as
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FL0 (t) - -EL 6 (t) , (23)

FLA(t) - -ELX(t) , (24)

FLV(t M -ELV(t) -1 ,(25)

where EL 6 , ELi , and ELV are the earth system accelerations in the

longitedinal, lateral, and vertical directions, and 1 represents the
acceleration due to gravity (i.e., ig). Note that the inertia forces
are the negative of the ship accelerations.

The forces are more appropriately applied in the ship coordinate
system where the longitudinal and lateral forces are parallel to the

deck and the vertical force is normal to the deck. The ship system
force time histories are obtained from the fixed Earth axis forces

using an angular rotation matrix as:

SL0 (t) M 11 (t) M 12 (t) N 13 (t) FL0(OM

ISLA(t) MI?21 (t) M 22 (t) M 23(t) jFLA~(t) I(26)

where SLo and SLA are the ship system forces in the longitudinal and
lateral directions parallel to the deck, and SLV is the ship syster

force normal to the deck. The angular rotation matrix elements Mij

are defined as:

M11 (t) - coo e(t) cos M(t) , (27)
M 1 2 (t) - cos 6(t) sin 0(t) , (28)

M1 3 (t) - -sin e(t) , (29)

M2 1 (t) - -coo 0(t) sin @(t) + sin 0(t) sin O(t) cos 0(t) , (30)

M 2 2 (t) - cor 0(t) cor q'(t) + sin 0(t) sin O(t) sin 0(t) , (31)
M 2 3 (t) - sin 0(t) cos 9(t) , (32)

M3 1 (t) - sin 0(t) sin V/(t) + cos 0(t) sin 8(t) cos iP(t) , (33)

M3 2 (t) - -sin 4(t) coo ;(t) + cor 0(t) sin 0(t) sin 0(t) , (34)
M 3 3 (t) - cos 0(t) cos 0(t) , (35)
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where the rotation is in the order of first yaw, then pitch, and

finally roll.

COMPUTER SYSTEM

The Simulation Time History Program, STH, and the Access Time

History Computer Program, ACTH, were developed on a COMPAQ 386

Personal Computer (PC) running at a machine clock speed of 20 MHz.
This computer is compatible with the IBM Personal Computers. The
operating system used was Microsoft Disk Operating System (MS-DOS),
Version 3.31.11 The computer had an INTEL 80387 co-processor
installed to provide increased speed for floating point calculations.

Both the STH and ACTH programs were written in FORTRAN 77 using

the Lahey Fortran Compiler.12 The only special compiler option used
was to make integer and logical variables four bytes each. The IBM

Link program provided with the MS-DOS operating system was used to
link the compiled versions of the STH and ACTH programs to obtain
executable program files.

The STH and ACTH programs use a large number of files when they
are executed. Fortunately, MS-DOS supports the use of directories,
paths, and file names and extensions which allow the user to organize
these files in a meaningful way. Generally, PC's are purchased with

hard disks having a minimum capacity of 21 Mbytes. The MS-DOS
operating system allows you to easily divide a hard disk into

subsections called directories. Each directory is given its own
unique name by the user. A path is defined as the series of commands
and directions to the particular section of the disk or directory
where a particular set of files is stored. Each file can have a name

containing up to eight characters and an extension containing up to
three characters.

The organization of directories and files used to develop the

STH and ACTH programs is shown in Fig. 5. Files in this figure are
denoted by extensions (e.g., .EXE) while directories and

subdirectories carry no extensions. Details concerning the specific

files used by the STH and ACTH programs are discussed in the latter

sections of this report which describe these programs.
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The hard disk on the COMPAQ 386 where these programs were
developed had n 42-Mbyte capacity which was divided into two parts
called volumes ov drives in MS-DOS, each with a 21-Mbyte capacity.

Each volume has ics own drive letter where C is the drive letter for
the first 21-Mbyte section and D is the drive letter for the second
21-Mbyte section. The first directory on a drive is called the ROOT
directory. All other directories on the drive are called
subdirectories. Note that subdirectories may also contain their own
subdirectories. Refer to the COMPAQ MS-DOS Reference Guide 1 1 to
obtain further information about directories and file naming
conventions.

SIMULATION TIME HISTORY PROGRAM, STH
The Simulation Time History Program, STH, was developed to

provide a data base of six-degrees-of-freedom (6DOF) ship response
time histories (surge, sway, heave, roll, pitch, and yaw) in
longcrested and shortcrested random seas. The STH program uses a
file of 6DOF origin transfer functions output from the Navy Standard
Ship Motion Program, SMP84, to generate the 6DOF ship response time
histories. This 6DOF time history data base is then used by the
Access Time History Program, ACTH, which is des'ribed in a later
section of this report, to generate time histories for additional
ship responses at various user-specified locations on the ship. The

STH program takes a long time to execute, approximately 43 minutes
for a 20-minute simulation run done at 3 samples per secund. By
contrast, the ACTH program executes very quickly, approximately .2
seconds to use the same 20-minute STH run to generate additional time

histories.
In order to run the STH program you will need to set up various

directories on your hard disk(s) to contain the executable program
file, input files, and output time history files for the STH program.
An example of this setup is shown in Fig. 5. The STH executable
file, identified by the "EXE" extension, and input file, identified
by the "INP" extension, are contained in the STH directory on the C
drive. The STH output files, identified by the "DAT" and "TEX"
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extensions, are located on the D drive in a subdirectory called

"SODD965A" under a directory called "STHDATA". The example ship name

used for running the STH program is the "DD965" which is part of the

subdirectory name. The letters "SO" in the subdirectory name are

fixed and are shorthand for "simulation time history at the origin".

The letter "A" following the ship name identifies a hull variant. A

summary of files used by the STH program is provided in Table 2.

SMP84 will output different origin transfer functions depending

on whether a ship is untrimmed, trimmed, has a different appendage

suite, uses passive fins or active fin stabilization, etc. These

variations of the same ship are called hull variants and are assigned

different variant letters, A, B, C, etc. The SMP84 origin transfer

function file for variant A of the DD965 ship, identified by the

"ORG" extension, is located on the D drive in a subdirectory called

"DD965" under a directory called "SMPDATA".

Both the STH and ACTH programs were designed to run in a BATCH

mode. The information required to run each program is contained in a

text file with an "INP" extension in the STH directory which the user

edits using a screen editor (not provided) prior to running the

programs. Both progams can then generate a number of origin or

response time histories during one execution and thus may be left to

run overnight. There are commercially available programs for PCs

that allow multi-tasking which would allow the STH and ACTH programs

to run in the background during the day. Note that the ACTH program

requires origin time histories previously generated by the STH

program.

STH INPUT DESCRIPTION

The input required to run the STH program is contained in a text

(ASCII) file called STH.INP in the STH directory. There are 10 sets

of information, called Data Sets, contained in this file. Each data

set may contain one or more lines of information. The method used to

describe each data set is to list each line, its FORTRAN format, and

the variable(s) contained on it. A summary of the 10 STH data sets

is provided in Table 3. An example of the STH.INP file is provided
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in Table 4. Note that comments may be added to the STH.INP input
file after Data Set 10 to provide assistance in identifying the

information on each data set when making changes.

Data Set 1. SHP Data Path

One Line - Format (A)

(1) SMPDATAS, alphanumeric, columns 1-80, path indicating where
the SMP84 origin transfer function file can be found.

Data Set 2. STH Data Path

One Line - Format (A)
(1) STHDATAS, alphanumeric, columns 1-80, path indicating where

the origin time history files output from the STH program
will be saved.

Data Set 3. Ship Tvpe

One Line - Format (A)
(1) SHIPTYPS, alphanumeric, columns 1-8, identifies ship type.

A convention used when running SMP84 is to identify each ship by
its type. This name is used as a directory name where the SMP84

input files for ships of this type are stored.

Data Set 4. Ship Nam

OnLi & - Format (A)
(1) SHIPS, alphanumeric, columns 1-5, identifies ship name.

Data Set 5. Hull Variant

One Line - Format (A)
(1) VARIANTS, alphanumeric, column 1, identifies hull variant.
The hull variant is used to distinguish between different SMP84

origin transfer function files which may have been generated for the

same ship. For example the ship may have been run in SMP84 for
different displacements, trims, appendage suites, or passive/active

fin stabilizers.
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Data Set 6. Cycle No

One Ling - Format (A)
(1) CYCLES, alphanumeric, columns 1-2, cycle number.

A cyle number is assigned to the SMP84 input and text output

files when SMP84 is run for a given ship. This cycle number is not

assigned however to SMP84 data files, specifically the origin

transfer function file.

Data Set 7. Units

Qne Line - Format (A)

(1) SUNITS, alphanumeric, columns 1-6, the desired displacement

time history engineering units (feet or meters).

SMP84 can be run for a given ship using either feet or meters.
The user can specify the engineering units to be used for the STH

origin time histories which will overide the units used in the SMP84

run. Only the displacement motions, surge, sway, and heave, are

affected by the selection of different units. Note that the units

identified in this data set apply to the information contained in the

succeeding data sets for the STH program as well as the data sets for

the ACTH program.

Data Set 8. Title

One Line - Format (A)

(1) TRIALS, alphanumeric, columns 1-40, the ship title.

Data Set 9. Wave Point Ingut

Firt Line - FORMAT (A)

No variables, blank line used for spacing.

SeconA Line - Format (18X,I5)
(1) NWPOINT, integer, columns 19-23, number of wave points.

NWPOI$T is set to zero if you do not want to compute relative
motion time histories in the ACTH program. Note, however, that if

relative motion is desired at a later date, the user must rerun the

STH program and include the wave points where the relative motion is

to be computed. Lines 3-5 are always included even if NWPOINT-0.

18



Thir Line - FORMAT (A)
No variables, blank line used for spacing.

r - FORMAT (A)

No variables, comment used to identify wave point table.

Fifth Line,- FORMAT (A)

No variables, comment identifies columns for wave point table.

NOTE: The next line is included 2n2ly if NWPOINT > 0. There is one

line for each wave point.
x - Format (14,3F8.1,3X,A20)

(1) IWPNT, integer, columns 1-4, wave point number.
(2) WPNTXLOC, floating point, columns 5-12, x-coordinate of wave

point (station number, where 0-Forward Perpendicular).

(3) WPNTYLOC, floating point, columns 13-20, y-coordinate of

wave point (positive to port from centerline).

(4) WPNTZLOC, floating point, columns 21-28, z-coordinate of

wave point (positive up from baseline).

(5) WPTNAMES, alphanumeric, columns 29-48, the name of the wave

point.

The reference system used to input locations on .he ship in the

STH and ACTH programs is shown in Fig. 6. This input reference
system is identical to the input system used in the Navy Standard

Ship Motion program, SMP81. 1

Data Set 10. Run Innut

r - FORMAT (A)

No variables, blank line used for spacing.

Sond Line - Free Format
(1) NRUNS, integer, number of STH runs

NOTE: The next line is repeated for each STH run.

i - Free Format (variables separated by commas)

(1) RUNNUMBER, integer, the run number.

(2) SAMPLERATE, floating point, number of samples per second.

(3) TSTART, floating point, start time in seconds.

(4) TEND, floating point, stop time in seconds.

(5) SPEED, floating point, ship speed in knots.
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(6) HEAD, floating point, SHP output heading in degrees.

(00-head seas, 900-beam seas, 1800-following seas)

(7) SIGWH, floating point, significant wave height in feet or

meters.

(8) TMODAL, floating point, modal wave period in seconds.

(9) STATIS, floating point, statistic used for roll iteration in

irregular seas. For example, the statistic used for the

significant roll single amplitude is 2 (twice the standard

deviation for roll).

(10) SEATYPES, alphanumeric, seaway type.

The seaway type is identified as LC (longcrested seas) or

SC (shortcrested seas). The seaway type can be enclosed in

double quotes but it is not necessary.

The selection of sample rate affects the resolution of the STH

time histories as well as the amount of computer time required to run

the STH program. For the majority of runs it is recommended that a

sample rate of 2 samples per seconM be used. However, for high

speeds in bow to head seas, encounter periods as low as one second or

less may be computed which will require increasing the sample rate to

3 samples per second to avoid frequency aliasing.

STH OUTPUT DESCRIPTION

Information describing each STH run is displayed on the

computer's screen. This information consists of:

1. STH program identification;

2. Date and time;

3. Ship identification and particulars, which include desired

engineering units (feet or meters), gravity, ship length,

longitudinal center of gravity, LCG, (referenced from the

Forward Perpendicular), and the distance from the ship

baseline to the waterline;

4. STH run identification which includes run number, comment,

and sample rate. The run conditions are identified, which

include ship speed, heading, seaway type (longcrested or

shortcrested), significant wave height, modal wave period,
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the statistic used for roll iteration, and the number of

channels;

5. Listing of wave point locations (required for relative motion

calculations in the ACTH program);

6. Listing of first 20 seconds of wave height at the LCG and the

six degree of freedom responses (surge, sway, heave, roll,
pitch, and yaw); (Note that the time histories for wave
height at wave point locations are computed (optionally) but
not shown on the screen. The screen is then blanked out
until the run finishes]

7. Listing of the statistical results obtained from the time
histories for wave height (LCG), the 6DOF responses, and wave
heights at wave point locations; (These statistics include
the mean, standard deviation, maximum and minimum values for
each channel. The frequency domain predictions for the
standard deviation for each channel are provided in the last
column.]

8. The elapsed computer time for the particular STH run.

The information displayed on the screen is saved in a text

(ASCII) file for each run. This file is called SRN.TEX where N is
the run number. The SRN.TEX file is stored in a ship subdirectory
under the STHDATA directory, e.g., D:\STHDATA\SODD965A. An example
of this file for STH run number 3 is shown in Table 5.

The STH time histories are written to a standard FORTRAN
sequential binary data file called SRN.DAT which is stored in the
same subdirectory as the SRN.TEX file. The first record in this file
contains two integer variables, the total number of samples and the
number of channels. The remaining records, one for each sample,
contain the time histories for all the channels in the desired
engineering units.

A separate text file called STHLOG.TEX is updated for each run.
This file contains a summary of the STH runs that have been made.
The summary consists of a separate line for each run that contains
the run number, data format type (binary), simulation run time in

minutes, DATE-TIME-GROUP (day, hour, minute, L(local), month, and
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year), and the run comment. The run comment shows the seaway type,

ship speed, heading angle, significant wave height, and modal wave

period. An example of the STHLOG.TEX file is shown in Table 6. The
STHLOG.TEX file is stored in the same subdirectory as the SRN.TEX

and SRN.DAT files.

ACCESS TIME HISTORY PROGRAM, ACTH
The ACTH program uses (origin) time histories generated by the

STH program to generate response time histories for a given ship at
various locations on the ship. The STH time histories for various

ships are located in ship subdirectories under the STHDATA directory.

The ACTH program uses the STH data path described above to locate the
STH time histories. For example, the STH data path shown in Fig. 5

is D:\STHDATA\SODD965A where D is the drive letter, STHDATA is the

STH data directory, and SODD965A is the ship subdirectory for the

DD965 ship.
The ACTH response time histories for various ships are located

in ship subdirectories under the ACTHDATA directory. For example,

the ACTH data path shown in Fig. 5 is D:\ACTHDATA\SPDD965A where the

letters SP are the abbreviation for simulation response time

histories at various locations on the ship. A summary of files used

by the ACTH program is provided in Table 7.

ACTH INPUT DESCRIPTION

The information required to run the ACTH program is contained in
a file called ACTH.INP located in the STH directory. This

information is organized into 10 Data Sets described below and

summarized in Table B. An example of the ACTH.INP file is provided

in Table 9.

Data Set 1. STH Data Path

One Line, Format (A)

(1) STHDATAS, alphanumeric, columns 1-80, path indicating where

the origin time history files output from the STH program

are located.
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Data get 2. ACTH Data Path
One line - Format (A)
(1) ACTHDATAS, alphanumeric, columns 1-80, path indicating where

the ACTH response time histories will be saved.

Data Set 3. ShiR Name
One Line, Format (A)
(1) SHIPS, alphanumeric, columns 1-5, identifies ship name.

Data Set 4. Output Data Format
One line, Format (7X,I5)
(1) ASCII, integer, columns 8-12, specifies data format to be

used for the ACTH response time histories. Use 1 for binary
output format and 2 for ASCII output format.

The ACTH response time histories are saved in either a binary
format or an ASCII format. The default format is binary. The ASCII
format is useful for transferring these time histories to other
computers via either a modem or magnetic disks. Note that the ASCII
format uses more storage (bytes) than the binary format and takes
longer to write.

Data Set 5. Wave Point Input

r - FORMAT (A)
No variables, blank line used for spacing.

o - Format (18X,15)

(1) NWPOINT, integer, columns 19-23, number of wave points.
NWPOINT is set to zero if you do not want to compute relative

motion time histories in the ACTH program. Note, however, that if
relative motion is desired at a later date, the user must rerun the
STH program and include the wave points where the relative motion is
to be computed. Lines 3-5 are always included even if NWPOINT-0.

Third Line - FORMAT (A)

No variables, blank line used for spacing.
Fourth Line - FORMAT (A)

No variables, comment used to identify wave point table.
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Fifth Line - FORMAT (A)
No variables, comment identifies columns for wave point table.

NOTE: The next line Ia included only If NWPOINT>O. There is one

line for each wave point.

Sixt Line - Format (14,3F8.1,3XA20)

(1) IWPNT, integer, columns 1-4, wave point number.

(2) WPNTXLOC, floating point, columns 5-12, x-coordinate of wave

point (station number, 0-Forward Perpendicular).

(3) WPNTYLOC, floating point, columns 13-20, y-coordinate of

wave point (positive to port from centerline).

(4) WPNTZLOC, floating point, columns 21-28, z-coordinate of

wave point (positive up from baseline).

(5) WPTNAMES, alphanumeric, columns 29-48, the name of the wave

point.
Wave point locations are required to be input only if relative

motion time histories are desired. Wave time histories at these

points must have been previously generated by the STH program. The

same wave point locations should have been used in the STH input.

The ACTH program compares the wave point locations used in the ACTH

and STH input and stops if they are not identical.

Data Set 6. Point InDut

Firs _Llne - FORMAT (A)
No variables, blank line used for spacing.

o - Format (13X,15)

(1) NPOINT, integer, columns 14-18, number of points on the ship
where response time histories are computed.

NPOINT is set to zero if you do not want to compute response

time histories at a point. Lines 3-5 are always included even if

NPOINT-0.

Third Linn - FORMAT (A)

No variables, blank line used for spacing.

Fourth Line - FORMAT (A)
No variables, comment used to identify point table.
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Fio arLine - FORMAT (A)
No variables, comment used to identify columns for point table.

NOTE: The next line is included 2jay if XPOINT>O. There Is one line

for each wave point.

Sixt Line - Format (14,3F8.1,3X,A20)
(1) IPNT, integer, columns 1-4, point number.
(2) PNTXLOC, floating point, columns 5-12, x-coordinate of point

(station number, 0-Forward Perpendicular).
(3) PNTYLOC, floating point, columns 13-20, y-coordinate of

point (positive to port from centerline).
(4) PNTZLOC, floating point, columns 21-28, z-coordinate of

point (positive up from baseline).
(5) PNTNAMES, alphanumeric, columns 32-51, the name of the

point.

Data Set 7. Channel InDut

e ine,- FORMAT (A)

No variables, blank line used for spacing.

Second Line - Format (15X,I5)
(1) NCHAN, integer, columns 16-20, number of channels.

Third Line - FORMAT (A)

No variables, blank line used for spacing.

Fourt Line - FORMAT (A)
No variables, comment used to identify channel table.

f - FORMAT (A)

No variables, comment used to identify columns for channel
table. There is one line for each channel.

Si Ling - Free Format
(1) ICHN, integer, channel number.
(2) IRSP, integer, response number.

1 - surge; longitudinal response at a point (earth system);
longitudinal force at a point (ship system)

2 - sway; lateral response at a point (earth system);

lateral force at a point (ship system)
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3 - heave; vertical response at a point (earth system);
vertical force at a point (ship system)

4 - roll; relative motion at a point (earth system)

5 - pitch

6 - yaw
7 - wave height at the origin or at a wave point location.

(3) ITYP, integer, response type.

1 - displacement

2 - velocity

3 - acceleration

4 - angle

(4) ISYS, integer, response system.

I - earth system

2 - ship system

(5) IPNT, integer, response point number from Data Set 5 or 6.
The method used to select the ACTH channels is outlined in Table

10. Each channel is defined by five numbers; channel number,
response number, response type number, reference system desired, and
point location. The first step is to select a point number. If the
point number is zero, the response numbers are limited to 1-6 for the
6DOF reponses and 7 for wave height at the LCG. Only the earth
reference is allowed. Displacement, velocity, or acceleration (types
1,2,3, respectively) are allow:ed for any of these responses.

If user selects a point number greater than zero, then both
earth and ship reference systems are allowed. The available response
numbers for the earth system are 1-3 corresponding to longitudinal,

lateral, and vertical responses at a point, 4 for relative motion at
a wave point, and 7 for wave height at a wave point. Displacement,
velocity, or acceleration (types 1,2,3, respectively) are allowed for
any of these responses. If the user selects the ship reference
system, then the response numbers allowed are 1-3 for the
longitudinal, lateral, and vertical forces at a point. The response
type is restricted to 3 which is acceleration (force per unit mass).
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Data Set 8. Start ACTH Run

First Line - FORMAT (A)

No variables, blank line used for spacing.

sond ine - Format (15X,I5)
(1) STARTRUN, integer, columns 16-20, start ACTH run number.

"Data Set 9. No of ACTH Runs

Oe Le - Format (16X,I5)
(1) NRUNS, integer, columns 17-21, number of ACTH runs

Data Set 10. STH Run Input

First Line - FORMAT (A)
No variables, blank line used for spacing.

Secnd Line - FORMAT (A)
No variables, comment used to identify STH run input.
There is one line for each STH run.

Thir Line - Free Format
(1) STHRUN, integer, STH (origin) time history run number.

ACTH OUTPUT DESCRIPTION

The ACTH program only displays three items on the screen for
each run; the ACTH program identification, the total number of ACTH

runs to be made, and the run that the ACTH program is currently
working on. An example of the ACTH screen display is provided in

Tabl- 11.

The information describing each ACTH run is written to a text
file called ARM.TEX where M is the run number. The ARM.TEX file is
stored in a ship subdirectory under the ACTHDATA directory, e.g.,

D:\ACTHDATA\SPDD965A. An example of this file for ACTH run number 3

is shown in Table 12. The ARM.TEX file is comparable to the SRN.TEX

file written by the STH program. The information contained in the
ARM.TEX file consists of:

1. DATE-TIME-GROUP;

2. Ship identification;

3. ACTH run identification which includes run number, comment,
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sample rate, and run times (the corresponding STH run number

is identified);

4. Ship particulars;

5. Run particulars including ship speed, heading, sea type,

etc.;

6. Table of STU statistical results which compares time domain

and frequency domain calculations of the standard deviation

for the STH channels;

7. Listing of wave point locations (required for relative motion

calculations in the ACTH program);
8. Listing of point locations (required for motions, velocities

and accelerations at a point and forces in the ship system);

9. Listing of channels and there associated points (the channel

number, name, type, unit, system, and the point number and

the point location associated with the channel are also

given);
10. Listing of the statistical results obtained from the ACTH

time histories (these statistics include the mean, standard

deviation, maximum and minimum values for each ACTH channel);

11. The total number of samples for the run.

The ACTH time histories are written in one of two possible

formats depending on the value of the variable ASCII in Data SET 2 of

the ACTH input. If the user chooses ASCII-l, then the time histories

are written to a standard FORTRAN sequential binary data file called

ARM.DAT. The first record in the file contains two integer

variables, the total number of samples and the number of channels.

The remaining records, one for each sample, contain the time

histories for all the ACTH channels in the desired engineering units.

The ARM.DAT file is stored in the same subdirectory as the ARM.TEX

file.
If the user instead chooses ASCII-2, then the time histories are

written to a formatted FORTRAN sequential ASCII data file called

ARM.ASC as:
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Record 1. Header

One Line - Format (215)
(1) COUNT, integer, columns 1-5, total number of samples.

(2) NCHAN, integer, columns 6-10, number of channels.

Records 2-(COUNT+1). ACTH time history data

Line 1 - Format (215,8F8.3)

(1) CNT, integer, columns 1-5, sample number.

(2) KL, integer, column 10, line number (set to 1).

(3) ACTHDATA, floating point, columns 11-18, 19-26, etc., up to

eight channels of ACTH time histories at sample CNT. The

time histories are ir cagineering units.

A second line is required if there are more than eight channels.

Line_2 - Format (5X,ISaF8.3)

(1) No variable, first 5 columns skipped.

(2) KL, integer, column 10, line number (set to 2).

(3) ACTHDATA, floating point, columns 11-18, 19-26, etc.,

remaining channels of ACTH time histories at sample CNT.

An example of the ARM.ASC file is shown in Table 13. The

ARM.ASC file is stored in the same subdirectory as the ARM.TEX file.

A separate text file called ACTHLOG.TEX is updated for each run.

This file contains a summary of the ACTH runs that have been made.

The summary consists of a separate line for each run that contains

the ACTH run number, data format type (binary or ASCII), simulation

run time in minutes, DATE-TIME-GROUP (day, hour, minute, L(local),

month, and year), and the run comment. The run comment shows the

seaway type, ship speed, heading angle, significant wave height, and

modal wave period. An example of the ACTHLOG.TEX file is shown in

Table 14. The ACTHLOG.TEX file is stored in the same subdirectory as

the ARM.TEX file.

There is also a file called ERROR.TEX that is created when the

ACTH program is executed. This formatted sequential file contains

any error messages that may have occurred while the program was

executing. A message telling the user that all STH runs were

successfully completed is written if no errors occurred . A summary
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of the error messages is provided in Table 15. The ERROR.TEX file is

stored in the STH directory.

PROCEDURE USED TO DEVELOP SHIP RESPONSE TIME HISTORIES

The ACTH program is used to develop response time histories in

random seas at various locations on the ship. In order to run the
ACTH program the user must perform a number of tasks which involve:

1. Selection of ship,

2. Reviewing SMP84 output/running SMP84 program,
3. Reviewing STH runs/running STH program,

4. Editing ACTH input/running ACTH program.
The input required to run each of the three programs, SMP84,

STH, and ACTH is specific to a particular ship. Each program however

uses a generic input file name, SMP.INP, STH.INP, and ACTH.INP,
respectively. The user must maintain these input files using both
generic names as well as ship specific names. In order to change a

ship, the user should first save the generic input files for the
current ship to files that are identified by the ship name. For
example, using thto MS-DOS copy command at the MS-DOS prompt,

C:\COPY C:\STH\STH.INP C:\STH\DD965A.STH,

where the extension STH would identify the file as the STH input for
the DD965A ship. The extensions SMP and ATH should be used for the
input files for the SMP84 and ACTH programs. Next the user should
copy the input files for the new ship to the generic files, i.e.,

C:\COPY C:\STH\FFGSA.ATH C:\ACTH.INP,

where the new ship is the FFG8A.

SMP84 is a frequency domain program that predicts statistical
ship responses in random seas at various locations on the ship. The
SMP input consists of ship offsets as a function of station, and

loading information such as nominal GM, displacement, roll radius of
gyration. Other input information describes the appendage suite,
point locations for ship responses, and sea conditions. The
information required to run the SMP84 program can be found in
References 1 and 2.

A file called the origin file, DD965A.ORG for the DD965A ship,
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is output from SMP84 and stored in the SMPDATA subdirectory. This
file contains the 6DOF (surge, sway, heave, sway, heave, roll, and

yaw) transfer functions computed at the LCG of the ship in the

waterplane as a function of ship speed, heading, wave frequency, and

mean roll angle. This file is required by the STH program to develop

6DOF time histories for specified speeds, headings, and sea

conditions.

An additional text file containing the statistical ship

responses is output from SMP84 and stored in the SMPDATA

subdirectory. This file is called DD965AN.OUT where N is a cycle
number which represents the last SMP84 run made for the DD965A ship.

This output file can provide assistance in selecting conditions for

which STH runs can be made. Note that one of the reasons for running

the STH program is to obtain phase correlation between responses

which is not provided in the SMP84 statistical tables. The

statistical tables do identify the speeds, headings, and the modal
wave periods where the maximum values occur for a large number of

responses. Examples of the statistical response tables for roll as

well as the vertical velocity at the helicopter deck bullseye are

shown in Tables 16 and 17, respectively.
Once the STH run conditions have been selected from the SMP84

output and the SMP84 Origin file has been saved, the next task is to

edit the STH input file. The user can review the STHLOG.TEX file to

determine which STH runs have already been made. Note that the

STHLOG.TEX file is located in the DD965A subdirectory of the STHDATA

directory. The STH runs take a long time to execute, approximately

43 minutes per run on a 20-Mhz COMPAQ 386 personal computer, and

should be run overnight or over a weekend.

The STH time histories form the data base from which response

time histories are developed in the ACTH program. Once the STH time

histories have been run, the last task is to edit the ACTH input file

to select the point locations on the ship and the desired responses.

The ACTH program executes very quickly, approximately 1 to 2 minutes

for 16 channels, and can easily be run many times using different

ACTH run numbers for different sets of channels or point locations.
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TIME HISTORY EXAMPLE
SELECTION OF SHIP AND SEAWAY PARAMETERS

The DD965 destroyer is the example ship used to demonstrate the

procedure required to develop response time histories. Four
locations were selected as shown in Fig. 7. These locations are
identified as:

1. Sonar dome,
2. Starboard side of the bridge,
3. Helicopter deck bullseye,

4. Port side of the stern.
The following nine responses were selected for running in the

SMP84 and ACTH programs:
1. Wave height,

2. Roll angle,

3. Pitch angle,
4. Heave,

5. Relative motion at the sonar dome,
6. Earth system vertical acceleration on the starboard side

of the bridge,

7. Earth system vertical velocity at the helicopter deck
bullseye,

8. Earth system lateral acceleration at the helicopter deck
bullseye,

9. Ship system lateral force at the helicopter deck

bullseye.
The SMP84 program was run using a significant wave height of 12

feet and a roll statistic of 2. The origin transfer function file was

saved as DD965A.ORG and the statistical response results were saved

in the DD965A6.OUT output file. The input used for running SKP84 is
shown in Table 18. A plot of the hull lines is shown in Fig. 8 and
the ship hydrostatics are shown in Table 19. SMP84 optionally

outputs the 6DOF Response Amplitude Operator (RAO) magnitudes and
phases as a function of encountered wave frequency, ship speed, and

relative wave heading. Note that the RAO magnitude is the square of
the transfer function magnitude. An example of the RAO magnitudes
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and phases for the 6DOF responses is shown in Table 20 for a ship
speed of 20 knots and a relative wave heading of 45 degrees (bow

waves).

Three representative STH runs were made using ship/sea
conditions selected from the SMP84 statistical response tables.
Shortcrested seas were used for all three runs. The significant wave

height used was 12 feet. The modal wave period used was 9 seconds
which is the most probable wave period for this significant wave

height. The ship conditions selected were:

1. Beam seas (90 degrees), zero knots was used for STH
run 1 to illustrate the wave time history,

2. Bow seas (45 degrees), 20 knots was used for STH run 2

to illustrate large pitch and vertical mode response
time histories, and

3. Quartering seas (135 degrees), 20 knots was used for STH
run 3 to illustrate large roll and lateral mode response
time histories.

The STH input file is shown in Table 4. Note that two wave
point locations, for the sonar dome and the port side of the stern,
were used in the input in order to compute relative motion time
histories at these points in the ACTH program. Each STH run took 43
minutes to execute for a total of 129 minutes. Each STH data file,
SRN.DAT, used 133,900 bytes of storage.

Finally, three ACTH runs were made using the three STH runs as

input. Response time histories were generated for the 9 responses
previously identified. The ACTH input is shown in Table 9. Each
ACTH run took 22 seconds for a total of 66 seconds using the binary

data format option. The data storage for ARM.DAT was 133,900 bytes.
If the ASCII data format is selected, the ACTH run time increases to
60 seconds per run and the ARM.ASC storage increases to 345,700

bytes.

ANALYSIS

Beam Sea Wave Time History

A 20-minute wave time history was computed at 3 samples per
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second in STH run I for a ship speed of zero knots in shortcrested

beam seas with a significant wave height of 12 feet and a modal wave

period of 9 seconds. The first 300 seconds of this wave time history

is shown in Fig. 9a. As shown in Fig. 9b, a power spectrum of the

wave channel as well as a bimodal distribution of wave amplitudes (by

single amplitude and period) was computed for the entire 20-minute

duration of the run. There were a total of 158 cycles, where the

period of each cycle is defined by three consecutive zero-crossings.

A comparison between the power spectrum computed from the wave

time history and the Bretschneider wave spectral model is shown in

Fig. 10a. The instantaneous wave elevations are compared with a

Gaussian distribution in Fig. 10b. Finally, a comparison of the wave

single amplitude distribution is compared with a Rayleigh

distribution in Fig. 10c.
These comparisons show that the wave time history developed by

the STH program does represent a random sea whose instantaneous wave

elevations have a Gaussian distribution and whose single amplitudes

have a Rayleigh distribution. Note that the Bretschneider wave

spectrum, and the Gaussian and Rayleigh distributions represent

averages from a large collection of time histories. The results

obtained from any one time history for a specific set of random

numbers (see Eq. 10) can be larger or smaller than these curves.

However, the results should have the same general trends as the

theoretical curves.

Since the linear superposition principle was used to obtain the

ship response time histories to the random seas, it follows that the

response elevations will also have a Gaussian distribution and the

response single amplitudes will have a Rayleigh distribution. The

single amplitudes for roll will have a modified Rayleigh distribution

because of the increase in roll damping with increasing significant

wave height.

Shi1 Resoonse Time Histories in Bow & Stern Quartering Seas

Nine response time histories, including the encountered wave

time history, were generated by the ACTH program at 3 samples per
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second for 20 minutes in a shortcrested sea with a significant wave
height of 12 feet and a modal wave period of 9 seconcs. ACTH run 2
represents a bow sea (45 degree) ship heading aid ACTH run 3
represents a stern quartering sea (135 degrees). Both runs are for a
ship speed of 20 knots. The minimum analysis (standard deviation and
peak values) of the nine responses for both ACTH runs is shown in
Table 21.

A comparison of these responses for bow and stern quartering
seas is provided in Figure 11. Time histories are shown for the
encountered wave, roll angle, pitch angle, heave displacement,
relative motion at the sonar dome, vertical acceleration at the
starboard side of the bridge, and vertical velocity, lateral
acceleration (earth-reference), and lateral force tship-reference)
for the center of the helicopter deck bullseye.

A representative 200 second section from each the 20 minute runs
is compared in this figure. Note first that the encountered wave
frequencies in bow seas are higher than for stern quartering seas at
the ship speed of 20 knots. In fact there is not enough wave energy
near the natural roll frequency (0.4 rps) in bow seas at this speed
to excite the ship in roll. In general, the ship responses related
to the vertical mode, i.e., pitch, heave, relative motion, and
vertical velocity and acceleration are larger in bow seas than in
stern quartering seas. Likewise, the ship responses related to the
lateral mode, i.e., roll, lateral acceleration, and ship lateral
force are larger in stern quartering seas where the encountered wave
frequencies are smaller (longer periods) compared to bow seas.
Vertical responses at point locations on the ship which are off
centerline contain a roll component, and can thus show a resonance
due to roll in stern quartering seas. Finally, note that the lateral
force in the ship system is larger than the lateral acceleration in
the earth system due to the component of gravity times the sine of
the roll angle, which is much larger in stern quartering seas than in
bow seas.
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CONCLUDING REMARKS

The methods/programs described in this report provide a rational
approach to the generation of simulated ship motions in random seas.

These ship motion time histories in turn can be used to develop

realistic ship motion specifications to which any ship subsystem can
be designed. The 1 ition in developing this tool is to allow a
potential user to concentrate on developing the model of his

subsystem and not on the generation/accuracy of the ship motion data
base which will be used to drive the subsystem.

No software remains static. Future enhancements or expansion of
these programa will depend not only on theoretical and technological

improvements, but will rely heavily on the requirements of the users.

It is, therefore, important that feedback be provided the authors so
that later versions of the programs presented will meet the needs of

the U.S. Navy.
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09 To - 21 secondsu 40
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Fig. 3. Bretschneider wave spectra for 7, 11, and 21-second modal
periods.
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Fig. 4. Example of the shortcresting method for an output
predominant heading of 45 degrees (bow seas).
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21 Megabyte Hard disk 21 Megabyte Hard Disk
Drive C Drive D

-ROOT DIRECTORY -ROOT DIRECTORY

SH ACTH. EXE I&nu

-ACTH. INP LPD6A ACTHLOG .TEX

-DD965A.ATH -ARM.ASC

-DD965A. 5TH AMDAT

-ERROR.TEX ARM.TEX

STH. EXE -ND

STH.IN LDD965
LSMPP DD965A. ORG

SMP.INP DD965A6 .OUT

11DD965A. SMP
-SMP 84 .*EXE I S D 9 5 - _ R . A

-RN.TEX

Fig. 5. organization chart of 5TH, ACTH, and SMP84 directories and
files.
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Fig. 6. Input reference system (SMP84).
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WAVE POINTS XFP YCL ZBL
* (STATION #) (FT) (FT)

1. SONAR DOME 0.8 0.0 -9.5
2. STERN, PORT SIDE 19.8 20.8 33.0

MOTION POINTS IXFP YCL ZBL
N (STATION U (FT) (FT)

1. BRIDGE, STBD SIDE 5.5 -15.0 62.0
2. HEWO DECK BULLSEYE 114.4 0.0 51.0

Fig. 7. Point locations on DD-965 for point time history example.
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Fig. S. Computer-generated hull lines for the DD-965.
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Ship Code : ID965 Run : 1
Channel I H AENT DSP

- 1 2 , i L I ,, 1I

1 59 IN 156 209 250 3M
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Fig. 9a. Time history of wave height displacement.

Ship Codte :DW65 Run : I
CII HAVEN? u p D15 10-CROSI• PUIOD

2 ________ _ 158_1 7 44 63 32 11
26 • 1 7-51 J

A 14 3 1 211 6,25

S 46 A t191 2 .Z5
L .. [[8 L IDLL? 1,25

17(15 13 11 9 7 5 3 6
FM IN MAASEC MNGE IN SECONI

Fig. 9b. Spectrum and amplitude vs. period distribution.

Fig. 9. Example of wave behavior in shortcrested beam seas,
significant wave height of 12 feet and modal wave
period of 9 seconds.
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Fig. 10a. Computed wave spectrum vs. Bretschneider wave spectrum.
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Fig. 20b. Wave elevation distribution vs. Gaussian distribution.
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Fig. 10c. Wave single amplitude distribution vs. Rayleigh
distribution.

Fig. 10. Analysis comparison of beam seas wave time history with
theoretical predictions.
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Table 1. Constants for single amplitude Rayleigh statistics.

SINGLE AMPLITUDE STATISTICS

Root mean square amplitude, RMS 1.00 a

Average amplitude 1.25 a

Average of highest 1/3 amplitudes,
significant 2.00 o

Highest expected amplitude in 10
successive amplitudes 2.15 a

Average of highest 1/10 amplitudes 2.55 a

Highest expected amplitude in 30
successive amplitudes 2.61 a

Highest expected amplitude in 50
successive amplitudes 2.80 a

Highest expected amplitude in 100
successive amplitudes 3.03 a

Highest expected amplitude in 200
successive amplitudes 3.25 C

Highest expected amplitude in 1000
successive amplitudes 3.72 a

DEFINITIONS

a' - Statistical variance of time history.

N = Number of successive amplitudes.

CONSTANT - /2 (ln N)h, where CONSTANT relates a to
the highest expected amplitude in i
successive amplitudes.

NOTES:

1. The highest expected amplitude in N amplitudes is the most
probable extreme value in N amplitudes. This value may be
exceeded 63 percent of the time.

2. To obtain wave height or double amplitude statistics from
RMS values, multiply single amplitude constants by 2.0.
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Table 2. Summary of files used by the STH program.

FILE NAME TYPE DESCRIPTION

1. STH.INP ASCII Input for the STH program describing
wave point locations and STH run
conditions

2. DD965A.ORG Binary SMP84 6DOF (Origin) transfer functions

3. SRN.TEX ASCII Summary of conditions and statistical
results for wave and 6DOF channels
for STH run N

4. SRN.DAT Binary Wave and 6DOF time histories for
STH run N

5. STHLOG.TEX ASCII Summary of STH runs and conditions

Table 3. STH data set summary.

STH Data Set Definition

, SMP DATA PATH
2 STH DATA PATH
3 SHIP TYPE
4 SHIP NAME
5 HULL VAEIANT
6 CYCLE NO
7 UNITS
8 TITLE
9 WAVE POINT INPUT

10 RUN INPUT
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Table 5. (Continued)

FIRST 20 SECONDS OF WAVE HEIGHT AND 600F TIME HISTORIES

TIME WAVENT SURGE SWAY HEAVE ROLL PITCH YAW
SEC FEET FEET FEET FEET DEG DEG DEG

0.00 -2.800 1.185 -3.233 -2.212 4.369 0.014 0.287
0.33 -2.082 0.967 -3.423 -1.356 3.328 0.005 0.162
0.67 -1.307 0.755 -3.461 -0.428 2.143 0.037 0.025
1.00 -0.583 0.567 -3.345 0.585 0.837 0.101 -0.113
1.33 0.034 0.380 -3.073 1.559 -0.521 0.183 -0.242
1.67 0.638 0.220 -2.656 2.415 -1.872 0.260 -0.355
2.00 1.245 0.062 -2.123 3.080 -3.152 0.319 -0.446
2.33 1.706 -0.084 -1.500 3.515 -4.334 0.345 -0.517
2.67 1.763 -0.226 -0.829 3.694 -5.372 0.332 -0.573
3.00 1.333 -0.366 -0.143 3.618 -6.259 0.281 -0.618
3.33 0.580 -0.504 0.515 3.319 -6.983 0.198 -0.656
3.67 -0.229 -0.637 1.120 2.839 -7.556 0.094 -0.690
6.00 -0.912 -0.770 1.6"2 2.233 -7.956 -0.018 -0.718
4.33 -1.410 -0.907 2.068 1.562 -8.179 -0.126 -0.736
4.67 -1.724 -1.045 2.394 0.882 -8.220 -0.225 -0.738
5.00 -1.904 -1.194 2.628 0.241 -8.074 -0.312 -0.715
5.33 -2.024 -1.355 2.782 -0.314 -7.724 -0.386 -0.662
5.67 -2.123 -1.539 2.877 -0.756 -7.178 -0.451 -0.577
6.00 -2.124 -1.737 2.931 -1.071 -6.441 -0.507 -0.057
6.33 -1.900 -1.965 2.961 -1.263 -5.533 -0.551 -0.309
6.67 -1.678 -2.217 2.978 -1.351 -4.474 -0.581 -0.137
7.00 -1.143 -2.493 2.978 -1.367 -3.304 -0.590 0.049
7.33 -1.197 -2.792 2.954 -1.353 -2.060 -0.572 0.237
7.67 -1.682 -3.103 2.889 -1.350 -0.778 -0.519 0.419
8.00 -2.370 -3.420 2.768 -1.398 0.503 -0.427 0.588
8.33 -3.013 -3.737 2.576 -1.517 1.7,3 -0.290 0.737
8.67 -3.605 -6.047 2.302 -1.720 2.920 -0.111 0.861
9.00 -4.263 -4.333 1.950 -1.992 4.003 0.104 0.954
9.33 -5.002 -4.599 1.521 -2.310 4.959 0.344 1.014
9.67 -5.621 -4.826 1.061 -2.631 5.778 0.593 1.039

10.00 -5.930 -5.015 0.531 -2.916 6.441 0.838 1.031
10.33 -5.888 -5.156 0.020 -3.112 6.940 1.063 0.994
10.67 -5.615 -5.245 -0.463 -3.181 7.25% 1.254 0.930
11.00 -5.213 -5.281 -0.899 -3.093 7.379 1.399 0.840
11.33 -4.684 -5.257 -1.265 -2.841 7.319 1.486 0.731
11.67 -3.974 -5.175 -1.555 -2.427 7.065 1.515 0.601
12.00 -3.052 -5.036 -1.757 -1.876 6.631 1.687 0.458
12.33 -1.900 -4.841 -1.874 -1.218 6.033 1.409 0.306
12.67 -0.543 -4.593 -1.906 -0.505 5.290 1.290 0.150
13.00 0.947 -4.302 -1.862 0.219 4.425 1.140 -0.005
13.33 2.434 -3.966 -1.753 0.906 3.463 0.967 -0.156
13.67 3.758 -3.599 -1.594 1.514 2.432 0.784 -0.296
14.00 4.809 -3.203 -1.400 2.008 1.359 0.597 -0.420
14.33 5.516 -2.783 -1.188 2.370 0.267 0.414 -0.524
14.67 5.807 -2.352 -0.971 2.595 -0.803 0.241 -0.604
15.00 5.691 -1.914 -0.757 2.696 -1.649 0.082 -0.659
15.33 5.288 -1.476 -0.550 2.690 -2.829 -0.060 -0.689
15.67 4.802 -1.033 -0.352 2.606 -3.724 -0.182 -0.696
16.00 4.367 -0.601 -0.159 2.473 -4.513 -0.280 -0.683
16.33 3.957 -0.170 0.038 2.325 -5.202 -0.350 -0.658
16.67 3.457 0.250 0.247 2.185 -5.772 -0.388 -0.624
17.00 2.832 0.669 0.474 2.066 -6.212 -0.396 -0.580
17.33 2.168 1.078 0.725 1.980 -6.551 -0.376 -0.534
17.67 1.555 1.481 1.000 1.920 -6.765 -0.336 -0.485
18.00 1.040 1.875 1.289 1.865 -6.849 -0.286 -0.434
18.33 0.678 2.255 1.577 1.797 -6.792 -0.238 -0.381
18.67 0.550 2.624 1.851 1.684 -6.579 -0.205 -0.329
19.00 0.655 2.969 2.086 1.507 -6.200 -0.196 -0.277
19.33 0.833 3.301 2.266 1.249 -5.656 -0.219 -0.229
19.67 0.844 3.600 2.370 0.916 -4.954 -0.273 -0.186
20.00 0.602 3.873 2.389 0.521 -4.123 -0.357 -0.1•4
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Table 5. (Continued)

STATISTICAL RESULTS

TINE DOMAIN FREQ. DOMAIN
CHAN NAME UNIT MEAN STODEV MAX NIN STODEV

1 WAVENT FEET -0.005 2.800 8.089 -10.766 2.980
2 SURGE FEET 0.018 2.662 7.005 -7.783 2.941
3 SWAY FEET 0.020 1.496 4.762 -4.633 1.588
& HEAVE FEET 0.002 1.557 5.098 -6.218 1.536
S ROLL DEC -0.009 3.338 10.148 -8.743 4.083
6 PITCH DEC 0.002 0.472 1.515 -1.338 0.511
7 YAW DEC -0.001 0.575 1.714 -1.472 0.653
8 WVNTPI FEET 0.004 2.779 8.555 -8.440 2.980
9 WVNTPZ FEET 0.030 2.550 7.271 -8.811 2.980

ELAPSED TINE

0 Hours 43 Minutes 16 Seconds

Table 6. Example of STHLWG.TEX file.

STH LOG RUN SUMMARY

TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED

STH DATA PATH : C:\STHDATA\SODD965A

TYPE CODE : BI - BINARY

RUN TYPE TIME DATE-TIME-GROUP COMMENTS

1 BI 20.0 MIN 01101L SEP89 SC V- 0 HD- 90 SWH-12.0 TO- 9
2 BI 20.0 MIN 011054L SEP89 SC Vw20 HD- 45 SWH-12.0 TO- 9
3 BI 20.0 MIN 011137L SEP89 SC Vw20 HD-135 SWH-12.0 TO- 9
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Table 7. Summary of files used by the ACTH program.

FILE NAME TYPE DESCRIPTION

1. ACTH.INP ASCII Input for the ACTH program describing
wave point locations, point locations,
channel identification, and STH run
numbers

2. SRN.TEX ASCII Summary of conditions and statistical
results for wave and 6DOF channels
for STH run N

3. SRN.DAT Binary Wave and 6DOF time histories for
STH run N

4. ARM.TEX ASCII Summary of point locations, channel
identification, run conditions, and
channel statistical results for ACTH
run M

5. ARM.DAT Binary Time histories for up to 16 ACTH
channels for ACTH run M (optional data
format used when variable ASCII=l)

6. ARM.ASC ASCII Time histories for up to 16 ACTH
channels for ACTH run M (optional data
format used when variable ASCII=2)

7. ACTHLOG.TEX ASCII Summary of ACTH runs and conditions

8. ERROR.TEX ASCII Summary of errors detected when ACTH
program was executed

Table 8. ACTH data set summary.

ACTH Data Set Definition

1 STH DATA PATH
2 ACTH DATA PATH
3 SHIP NAME
4 OUTPUT DATA FORMAT
5 WAVE POINT INPUT
6 POINT INPUT
7 CHANNEL INPUT
8 START ACTH RUN
9 NO OF ACTH RUNS

10 STH RUN INPUT
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Table 9. Example of ACTH.INP file.

o:\STNOATA\SOOD96$A
D:\ACTNDATA\SPDD96SA
00965

OUTPUTs 1

NO OF WAVE POINTSe 2

List of Wave Points
NO XLOC YLOC ZLOC NAME

1 0.8 0.0 -9.S SONAR DOME
2 19.8 20.8 33.0 STERN PORT SIDE

NO OF POINTS. 2

List of Points
NO XLOC YLOC ZLOC NAME

1 5.5 -15.0 62.0 BRIDGE STID SIDE
2 14.4 0.0 51.0 HELO DECK 9ULLSEYE

NO OF CHANNELSa 9

List of Channets with Associated Points
NO RESP TYPE SYSTEM POINT

1 7 1 1 0
2 4 1 1 0
3 5 1 1 0
4 3 1 1 0
5 4 1 1 1
6 3 3 1 1
7 3 2 1 2
8 2 3 1 2
9 2 3 2 2

START ACTH RUN. 1
NO OF ACTN RUNSz 3

STH RUNS
1
2
3

** Description of lATCH input for ACCESS Time Nistory Program *

STH TIME NISTORY PATH up to 80 characters
ACTN TINE NISTORY PATN up to 80 characters
SNIP MANE -up to - characters
OUTPUT D 0ita format I a binary. 2 a ASCII
NO OF NAVE FOINTS
LIST OF WAVM POINTS - (X Y, Z LOCATIONS AND WAVE POINT NAMES)
NO OF POINTS LIST OF POINT - (X, T, Z LOCATIONS AND POINT NAMES)
NO OF CHANNELS
CNANNEL LIST INCLUDING ASSOCIATED POINT LOCATIONS
START RUN NO FOR ACTN RUNS
NO OF ACTN RUNS
STH RUN NO
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Table 10. Method used to select ACTH channels.

Select Point No

Point no - 0 - Location (Origin) is at LCG in the waterplane

SYSTEM - EARTH

Select Response No
1 - Surge
2 - Sway
3 - Heave
4 - Roll
5 - Pitch
6 - Yaw
7 - Wave Height at LCG

Select e
1 - Disp acement/Angle
2 - Velocity
3 - Acceleration

Point no > 0 - Any location on the ship

Select system

SYSTEM - EARTH

Select Response No
1 - Longitudinal reponse at a point
2 - Lateral of
3 - Vertical of
4 - Relative motion at a wave point
7 - Wave height at a wave point

select_ a1 - Displacement.
2 - Velocity
3 - Acceleration

SYSTEM - SHIP

Select Renponse No
1 - Longitudinal force at a point
2 - Lateral
3 - Vertical

Select Type
3 - Acceleration (force per unit mass)
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Table 11. ACTH menu screen.

Access Time History Program (ACTH)

Total number of runs - 3

Start run number - 1

Working on run number 3
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Table 12. Example of AR3.TEX file.

RUN DATE-TIME-GROUP a 032106L SEP89

032106L SEP89. 0, 0, 135, 0, 0, 12.0, 9
e...............................eee~eeeeeeee~eeeeeeeeeteu...........

TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED

UIC CODE: D0965

RUN: 3

COMMENTS: SC Va 20 HOD 135 SWHN 12.0 TOu 9

CORRESPONDING STH RUN: 3

SAMPLE RATE : 3.0
START TIME: 0.0
STOP TIME: 1200.0
RUN TIME: 1200.0

SHIP TYPE: DESTROYR
SHIP: 0D965
NULL VARIANT: A
SMP CYCLE NO: 6

UNITS: FEET
GRAVITY: 32.1700
SHIP LENGTH: 529
LONGITUDINAL CENTER OF GRAVITY (REF FROM FP) 272.30
DISTANCE FkOK BASELINE TO WATERLINE: 0.30

SHIP SPEED: 20.00 KNOTS

PREDOMINANT HEADING : 135. DEC

SMP OUTPUT HEADING REF. :
.................... aa.....

0 dogaohead seas,
90 deDgstbd beas seas,

180 degfolloeeing seas

SEA TYPE t SHORTCRESTED SEAS
SIGNIF. WAVE HEIGHT 2 12.00 FEET
MOAL WAVE PERIOD $ 9.00 SEC

STATISTIC USED FOR ROLL ITERATION : 2.00 A RN$

STH PROGRAM
STATISTICAL RESULTS

TIME DOMAIN FREG. DOMAIN
CHAN NAME UNIT STODEV STDODEV

I WAVENT FEET 2.500 2.980
2 SURGE FEET 2.662 2.941
3 SWAY FEET 1.496 1.588
A HEAVE FEET 1.5S7 1.536
5 ROLL DCE 3.338 4.083
6 PITCH DEG 0.oT2 0.511
7 YAW DEG 0.575 0.653
8 WVHTPi FEET 2.779 2.950
9 WVHTP2 FEET 2.550 2.980

NO OF WAVE POINTS: 2

List of Wave Points

NO XLOC YLOC ZLOC NANE

1 0.8 0.0 -9.3 SONAR DONE
2 19.8 20.5 33.0 STERN PORT SIDE

57



Table 12. (Continued)

NO OF POINTS: 2

List Of Points

NO XLOC YLOC ZLOC NAME

1 . 1. 20 BRIDGE .;;B ; SIDE
2 14.4 0.0 51.0 HELD DECK BULLSEYE

NO OF CHANNELS: 9

List of Channels with Associated Points

CHANNEL POINT
!0 NAME TYPE UNIT SYSTEM NO XLOC YLOC ZLOC NAME

1 WAVENT DSP FEET EARTH 0 10.29 0.0 20.3 Origin (LCG, CL, WP)
2 ROLL ANC DEG EARTH 0 10.29 0.0 20.3 Origin (LCG, CL, WP)
3 PITCH ANC DEG EARTH 0 10.29 0.0 20.3 Origin (LCG, CL, UP)
4 HEAVE DSP FEET EARTH 0 10.29 0.0 20.3 Origin (LCG, CL: W P)
5 RELMOT DSP FEET EARTH 1 0.80 0.0 -9.5 SONAR DOME
6 VERT ACC a-S EARTH 1 5.50 -15.0 62.0 BRIDGE STBD SIDE
7 VERT VEL FPS EARTH 2 14.40 0.0 51.0 HELO DECK BULLSEYE
8 LATE ACC C-S EARTH 2 14.40 0.0 51.0 HELO DECK BULLSEYE
9 SLATE ACC G-S SHIP 2 14.40 0.0 51.0 HELD DECK BULLSEYE

C ;HAN TITLE UNITS MEAN $TO. 0EV. MX MI

1 WAVEHT DSP FEET -4.738E-03 2.8001.00 8.089E+00 -1.0771.01
2 ROLL AVG DEG -8.973E-03 3.338E*00 1.0151.01 -8.743E+00
3 PITCH AUG DEG 1.6971-03 4.720E-01 1.515E+00 -1.3381+00
4 HEAVE DSP FEET 1.86&1-03 1.5571#00 5.0981.00 -6.218E+00
5 RELMOT DSP FEET 4.202E-02 3.562E+00 1.1019.01 -1.3051.01

6 VERY ACC 0-5 6.82iE-06 4.163E-02 3.2691-01 -1.4026-01
7 VERT VEL FPS 1.8081-03 1.084E+00 3.9721.00 -3.220E+00
8 LATE ACC 0-5 1.8171-07 2.5871-02 1.6861-01 -7.6651-02
9 SLATE ACC C-S -4.4221-05 7.5591-02 2.0971-01 -2.4031-01

CHANNEL NO./TITLE Peek Moon STDDEV

1 WAVENT DSP -1.0771.01 -4.7381-03 2.800E+00
2 ROLL ANC 1.0151.01 *8.978E-03 3.3381.00
3 PITCH AVG 1.5151.00 1.6971-03 4.720E-01
4 HEAVE DSP -6.2181.00 1.868E-03 1.5571.00
5 RELMOT DSP -1.3051.01 4.202E-02 3.5621.00
6 VERT ACC 3.2691-01 6.8211-06 4.1631-02
7 VERT VEL 3.9721.00 1.6086-03 1.0841.00
8 LATE ACC 1.6861-01 1.817-07 2.S871-02
9 SLATE ACC -2.4031-01 -4.4221-05 7.5591-02

Total number of data records this run s 3601
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Table 13. Example of AR3.ASC file.

3601 9
1 1 -2.800 4.369 0.014 -2.212 0.097 0.000 0.000 0.000

2 -0.076
2 1 -2.082 3.328 0.005 -1.386 0.271 0.327 2.536 0.169

2 -0.240
3 1 -1.307 2.143 0.037 -0.428 0.151 0.020 3.148 0.071

2 -0.110
4 1 -0.583 0.837 0.101 0.585 -0.221 -0.001 3.456 0.062

2 -0.077
5 1 0.034 -0.521 0.183 1.559 -0.750 -0.024 3.391 0.046

2 -0.037
6 1 0.638 -1.872 0.260 2.415 -1.200 -0.037 2.961 0.031

2 0.000
7 1 1.245 -3.152 0.319 3.080 -1.386 -0.053 2.242 0.010

2 0.041
8 1 1.706 -4.334 0.345 3.515 -1.289 -0.055 1.330 0.000

2 0.069
9 1 1.763 -5.372 0.332 3.694 -1.066 -0.060 0.322 -0.017

2 0.101
10 1 1.333 -6.259 0.281 3.618 -0.898 -0.059 -0.663 -0.025

2 0.124

Table 14. Example of ACTHLOG.TEX file.

ACTH LOG RUN SUMMARY

TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED

ACTH DATA PATH : D:\ACTHDATA\SPDD965A

TYPE CODE : BI - BINARY, AS - ASCII

RUN TYPE TIME DATE-TIME-GROUP COMMENTS

1 BI 20.0 MIN 032105L SEP89 SC V- 0 HD= 90 SWH-12.0 TO- 9
2 BI 20.0 MIN 032105L SEP89 SC V-20 HD= 45 SWH-12.0 TO- 9
3 BI 20.0 MIN 032106L SEP89 SC V-20 HD-135 SWH-12.0 TO- 9
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Table 15. ACTH error message summary.

ERROR MESSAGE

1 ERROR - ACTH program stopped.
CHANNEL RESPONSE POINT

I J K
does not have a corresponding wave point number
in ACTH.INP

2 STH run N does not exist

3 STH run N skipped because there are no wave
points in the STH run

4 STH run X skipped because the STH wave points
do not match the ACTH wave points

5 All STH runs were successfully completed
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Table 16. Example of roll angle RSV table.

MX = " wY CDNMM mRIM m KUT .3' Ok) 3/13i TiWA

SICHIFIClfT %WV IHEIGNT a 12.00 FEET

IR.L AMCLE•

am)

SIIFICOIT AIML/ I 5CNT HI. PIG (YM)

S4IP lf.IND wIM IN EW=
VTO WA 1w KM FOJL.A

0 15 30 a5 60 75 90 15 130 135 150 1us 1S

0 9 1.43110 1.49/10 1.46/10 1.87/10 2.o*/10 2.14/10 2.16/10 2.09/10 1.95310 1.75/10 1.54/11 1.37/11 1.30/11
11 3.03/15 3.12/15 3.34/15 3.61/15 3.5/15 4.01/15 4.C5/1S 3.6/15 3.79/15 3.54/15 3.26/15 3.0/15 2.95/15
13 4.A16 4.91/16 S.20/16 5.55/16 5.87/16 6.0016 6.15/16 6.0"/16 S.83/16 5."0/16 5.14/16 4.5/16 4.74/16
15 5.5/16 5.71/16 6.0/16 6.4/A16 6,/16.6 7. 7.16 7.1216 7.0/16 6.77/16 6.-9/16 5.g5/16 S.46/16 5.53/16
17 5.6/16 S.79/16 6.12/16 6.52/16 6.0/16 7.14/16 7.23/16 7.13/16 6.8/16 6.48/16 6.07/16 5.74/16 5.61/16
19 5.13/16 S.$1/16 S.WI/16 6.21/16 6.56/16 6.80/16 6.A/16 6.79/16 6.S4/16 6.18/16 5.7B/16 5.w6/16 5.34/16
21 4.8/16 5.09/16 5.38/16 5.75/16 6.07/16 6.29/16 6.37/16 6.2A(16 6.0M16 5.72/16 5.35/16 5.05/16 4.%/16

S 9 1.19/ 9 1.6/19 1."4/ 9 1.68/10 1.92/10 2.13/10 2.29/11 2.35/11 2.33/12 2.23/12 2.09/12 1.97/13 1.92/13
11 1.95/12 2.04/12 2.29/12 2.66/14 3.09/15 3.51/15 3.87/15 4.09/1S 4.17/15 4.11/15 3.98/15 3.5/15 3.30/15
13 3.0/1S 3.2/15 3.55/15 4.J1.15 4.55/1 5.03/15 5.45/15 5.68/15 5.72115 5.59/15 5.37/15 5.16/15 5.06/15
15 3.91/15 4.03/15 4.40/15 4.89/15 5.40/15 5./16 6.19/16 6.34/16 6.29/16 6.03116 5.78/16 S.52/16 5.42/16
17 4.W/15 4.31/15 4.65/16 5.11/16 5.58/16 5.97/16 6.2/16 6.30/16 6.20/16 5.94/16 5.60/16 5.37./16 5.20/16
19 4.08/16 4.30/16 4.52/16 4.g/16 5.36/16 5.69/16 5.89/16 5.92/16 5.78/16 5.51/16 5.17/16 4.M/16 4.77/16
21 3.81/16 3.92/16 4.23/16 4.59/16 4.96/16 5.23/16 5.40/16 5.41/16 5.3/16 6.99/16 4.66/16 4.39/16 4.28/16

10 9 1.03/ 8 1.12/ 8 1.31/8 1.90/9 2.0/11 2.49/13 2.99/14 3.41/14 3.69/14 3.95/15 3.93/15 3.97/15 3.95/15
II 1.52/10 1.61/10 1.86/11 2.31/14 2.97/15 3.74/15 4.50/0S 5.09/15 5.,6/15 5.4/15 5.70/15 5.70/IS 5.70/iS
13 2.15/15 2.27/15 2.61/15 3.185 3.93/15 4.75/15 5.50/16 6.06/16 6.37/16 6.45/16 6.39/16 6.30/16 6.27/16
15 2.76/15 2.00/15 3.27/15 3.X4/16 4.52116 5.23/16 5./16 6.2/16 6.67/16 6.A4/16 6.2W16 6.11/16 6.MY/16
17 3.M/16 3.21/16 3.57/16 4.0/16 4.66/16 5.A/16 5.72/16 6.M/16 6.11/16 6.0D/16 5.78/16 5.58/16 5.49/16
19 3.12116 3.24/16 3.56/16 4.-0/16 4.50/16 4.97/16 5.34/16 5.55/16 5.57/16 5.4./16 5.17/16 4.96/16 4.87/16
21 2.816 3.05/16 3.37/16 3.7"/16 4.19/16 4.58/16 4.87/16 5.01/16 4.99/16 4.316 4.58/16 4.36/16 4.27/16

15 9 0.9/ 7 1.01/ 7 1.21/8 1.66/13 2.A9/104 4./14 5. 1^ 6.29/14 6.92/17 7.32/17 7.36/17 7.42/17 7."/17
11 1.29/9 1.36/9 1.63/10 2.36/15 3.47/15 4.g/15 6.30/IS 7.34/IS 7.98/17 8.25/17 8.30/17 8.29/17 8.2/17
13 1.A5/12 1.76/13 2.12/IS 2.84/15 3.99/16 5.33/16 6.54/16 7.45/16 7.97/17 8.13/17 8.07/17 7.60/17 7.92/17
15 2.07/15 2.20/15 2.40/15 3.3/16 4.26/16 5.36/16 6.34/16 7.06/16 7.4//17 7.48/17 7.33/1, 7.15/17 7.0/17
17 2.36-16 2.49/16 2.87/16 3.46/16 4.27/16 5.14/16 5.91/16 6.45/16 6.70/17 6.67/17 6.46/17 6.25/17 6.16/17
19 2.45/16 2.57/16 2.91/16 3.42/16 4 4.7.16 5.3/16 5.7016 5.94/17 5.86/17 5.63/17 5.40/17 5.31A17
21 2.39/16 2.50/16 2."/16 3.A/16 3.79/16 ".36/16 4.0/16 5.14/16 5.A/17 5.13/17 4.8/17 4.67/17 4.59/17

3D 9 0.O / 7 O.0/ 7 1.4/ 7 2.19/13 3.81/13 5.43/13 6.77/19 7.71/19 8.L/19 8.17/19 7.79/19 7.59/19 7.3/19
11 1.12/ 8 1.19/8 1.A9/ 9 242/15 4.30/15 5.97/19 7.M/19 8.31/19 8.78119 8.75/19 8.34/19 7.89/19 7.71/19
13 I.M/10 1.45/11 1.8&/15 2.91/16 4.42116 5.92/19 7.15/t9 7.99/19 8.37/19 8.29/19 7.85/19 7.37/19 7.18/19
15 1S /15 1.76/15 2.18/16 3.10/16 4.36/16 5.61/16 6.A/19 7.30/19 7.57/19 7.44/19 6.99/19 6.51/19 6.31/19
17 1.86/16 2 %16 2.41/16 3.17/16 4.19/16 5.29/16 6.01/19 6.93/19 6.70/19 6.3/19 6.09/19 5.63/19 5.A/19
19 1.9"/16 2.10/16 2.47/16 3.11/16 3.93/17 C.A4/lN 5.3/19 5.77/19 5.87/19 5819 5.X/19 4.03/19 4.65/19
21 1.97/16 2.09/16 2.41/16 2.94/17 3.62/17 4.26/17 4.79/19 5./19 5.13/19 4.93/19 4.55/19 4.16/19 3.99/19

25 9 0.75/6 0.81/6 1.11/12 3.71/17 6.46/17 8.73/17 10.43/17 11.4W17 11.8/7 11.51/17 10.52117 9.39/17 8.92/17
11 0.95/7 1.0W/ 8 1.42115 3.A/17 6.18/17 8.31/17 9.91/17 10.92/17 11.25/17 10.93/17 10.01/17 8.%4/17 8.50/17
13 1./ 9 1.34/10 1.69/16 3.48/17 5.61/17 7.4A/17 8.6/17 9.67/17 9.95/17 9.85/17 8.1,17 7.87/17 7.47/17
15 1.87/15 1.65/15 1.93/16 3.M/17 5.M17 6.57/17 7.71/17 8.40/17 8.61/17 8.3Z/17 7.57/17 6.73/17 6.38/17
17 1.51/16 1.N/16 2.10/16 3.20/17 4.58/17 5.81/17 6.73/17 7.2/17 7.41/17 7.12/17 6.46/17 5.7Z/17 5.40/17
19 1.62/16 1.76/16 2.16/17 3.A3/17 4 / 5.14/17 5.A/17 6.31/17 6.39/17 6.11/17 5.52/17 4.87/17 4.59/17
21 1.45116 1.77/17 2.12/17 2.A1A7 3.74/17 4.55/17 5.16/17 5.49/17 5.53/17 ./17 4.7/17 4.17/17 3.92/17
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Table 17. Example of vertical velocity at a point RSV table.

00W M= WN SfYM (Was, ThIMD IN KU .22 04) /1W TPA

SICIIFIlJT NEW aI I 12.00 FIFT

IELO MM MUM XFP a 14.40 Y - 0.00 A - 51.00

WETICAL MIJTY
(FEE/IE

SlWIFliWT WMIE / BI9MITB KIHM PMI00 (1W)

SHIP WEADING AN.E IN DEW=
VTO To O NEW STDWJ EI 0.L

0 15 30 45 60 75 90 1 120 135 150 16 10

0 9 1.71/10 1.93/10 2.29/10 2.71/9 3.07/9 3.32/8 3.41/8 3.3M/8 3.10/9 2.73/9 2.31/10 1.A/10 1.71/10
11 2.07/11 2.17/11 2.42111 2.73/11 3.01/10 3.20910 3.27/10 3.21/10 3.02/10 2.75/11 2.43/11 2.18/11 2.07/11
13 2.2D/13 2.27/13 2.`M13 2.5/13 2.W1.12 3.00/12 3.5/12 3.01/12 2.87/12 2.67/13 2.45/13 2.27/13 2.2D/13
15 2.21/14 2.2"/14 2.35/14 2.53/14 2.6/114 2.78/14 2./14 2.79/14 2.69/14 2.54/14 2.38/14 2.6/14 2.21/14
17 2.16/16 2.19/16 2.216 2.3N/16 2.50/15 2.1 2.6115 2.MN15 2.51/15 2.40/16 2.2/16 2.19/16 2.16/16
19 2.07/17 2.10/17 2.1017 2.25/17 2.33/17 2.39/17 2.41/17 2.39/17 2.33/17 2.`5/17 2.17/17 2.10017 2.07117
21 1.91118 2.00/18 2.6/18 2.11/18 2.18/18 2.2J118 2.24/18 2./18 2.18/18 2.12/18 2.W/18 2.00/18 1.91018

5 9 2.01/ 9 2.15/9 2.4/ 8 2.5/ 8 3.16/8 3.3U/ 8 3.36/8 3.22/8 2.92/ 9 2.49/9 2.01/10 1.50/11 1.10/12
11 2.33/10 2.1.1/10 2.64/10 2.90/10 3.11/10 3.24/10 3.23/10 3.10/10 2.84/11 2.49/12 2.11/13 1.81/13 1.013
13 2.,5/11 2.51/11 2.65/11 2.8/11 2.97/11 3.5/12 3.A3/12 2.91/12 2.69/13 2.42/14 2.14/14 1.92/14 1.8I/14
15 2.45/13 2.49/13 2.58/13 2.70/13 2.79/13 2.8"/13 2.8M/14, L70/14 2./15 2.3V/15 2.11/15 1.95/16 1.89116
17 2.3/14 2.40/14 2.47/1M 2.5,/14 2.61/15 2.6/5 2.99/15 2.50/16 2.3" 2.5/17 2.0L/17 1.9i217 1.S/17
19 2 /16 2.29/16 2.34/16 239/16 2.43/16 2.44/17 2./7 2.3W/17 2.21/18 2.A/18 1.95/18 1.8/19 1.5/19
21 2.1017 2.17/17 2.5./17 2.;K/18 2.7/18 2.27/18 2.23/18 2.17/19 2.07/20 1. 1.86 1. 1.79/20 1.77/2D

10 9 2.12/8 2.27/ 8 2`dJ 8 2.59/8 3.27 8 3.42/ 8 3.N/ 8 3.18/8 2.*2/8 2`.5/1 1.71/10 1.30/13 1.09/13
11 2.50/9 2.99/9 2.81/ 9 3.06/9 3.Z/ 9 3.32010 3.26/10 3.06/10 2.72/11 2.30/13 18/IS 1.51/15 1.37/15
13 2`41/10 2.71/10 2.5/10 3.00/10 3.11/11 3.13/11 3.6/12 2.W/12 2.36/14 2.24/15 1.90/16 1.64/17 1.54/17
15 246.912 2.69/12 2.7,/12 2.87/12 2.g/12 2.91/13 2.14 2J6/15 2.42/16 2.14/17 1.8/17 1.69/18 1.62/18
17 2.5/13 2.60/13 2.45/13 2.70/14 2.73/1 2.70/15 2.6/ 2.1.17 2.A5/7 2.04/18 1.a/19 1.48/19 1.63/19
19 2.46915 2.,7/1S 2.50/15 2.S3/15 2.53/16 2.50/16 2.41/17 2.2/18 2.11/19 1.93/M 0 1.77/aD 1.5/21 1.61/21
21 2."/16 2.34/17 2.36.917 2.37/17 2.Wl7 2M18 2.X/18 2.135d 1.9/2 1.83/21 1.7U/2M 1.61/M 1.56/5

15 9 2.37/7 2.`3/7 2.89/ 7 3.A/ 7 3.52/ 7 34?/ 7 3.53/7 3.23/8 2.A/8 2.7A/ 8 1.63/9 1.10/17 0.87/17
11 2.78/8 2.8/ 8 3.10/8 3.3U/8 3.49 8 3.51/9 3.3/ 9 3.09/10 2.8/10 2.19/12 1.6/20 1.2/20 1.12/.
13 2.9,/10 2.99/10 3.12110 3.25/10 3.3/10 3.29/10 3.14,/11 2.3/12 2.51/13 2.10/30 1.70/20 1.40,/0 1.29/02
15 2.g9W11 2.95/11 3.0/11 3.09/11 3.11/12 3.1/12 2.89/13 2.4/14 2.5/16 2.01/30 1.69/2D 1.,6/2 1."38/
17 2.81/12 2A5/12 2.*7/12 2.g0/13 2.9/13 2.81/14 2.("5 2.45/16 2.19/2D 1.91/20 1.4/21 1./2 1.41/22
19 22Z/14 2./14 2.70/14 2.71/15 2.6/15 2.59/16 2.W,.,17 2.27/18 2.05 1.81/2 1.61/22 1.47/23 1.423
21 2.52/15 2.W5/ 2.5 2.3/16 2.49/17 2.40/17 2.20/18 2.11/5 1.5J/ 1.72/23 1.55/24 1.4/4• 14,0/

20 9 2.97/ 6 3.11/ 6 3.,3/ 6 3.75/6 3.%/6 3.95/6 3.77/ 6 3J9/ 6 2.5/ 6 2.301 6 1.53/13 0.95/19 0.69/19
11 3.42/ 6 3.9/ 6 3.67/ 6 3A8/ 6 3.M /6 3.14/8 3.61/ 8 3.W19 2.70"10 2.12/10 1.54/19 1.09/23 0.91/23
13 3,47/9 3.2W 9 3.61/ 9 3.9/ 9 369/ 9 3.57/10 3."3010 2.96/11 2.50/13 2.01/19 1.54/3 1.20/23 1.07/23
15 3.37/10 3.39/10 3.43/10 3.45/10 3.41/11 3.27/11 3.:/12 2.71/13 2.31/15 1.9•0/ 1.3/" 1.27/26 1.17/26
17 3.18/11 3.19/11 3.21/12 3.2/12 3.13/12 2.99/13 2.77/14 2.48/16 2.15/19 1.O/W 1.50/2 1.29/26 1."2/2
19 2.9"/13 2.9P/13 2.99/13 2.V/14 2.8V1 2.74/1S 2.54/16 2.28/19 2.00` 3 1.71/M4 1.46,/27 1.30/27 1.X/27
21 2.79/14 2.79/15 2.77/15 2.7/11S 246/16 2.52/17 2.3U/19 2.12/ 1.1/23 1.63/27 1.2/27 1.29/27 1.24/27

25 9 3.W 6 3.75/6 4.04/ 6 4.29/ 6 4,O/ 6 ..33/ 6 4.6/ 6 3.57/6 2.9/ 6 2.31/17 1.46/17 0.5/7 0.56/17
11 4.29V 6 4.3/ 6 4A,// 6 4.51/6 4.47/ 6 4.271 6 3.91/ 6 3.3R/ 6 2.77/17 2.09/17 1.4/17 0.94/17 0.74/17
13 4.26/6 4.3/6 4.31/6 4.2P/ 6 4.189 6 3.94/6 3.57/10 3.09/10 2.33/17 1.95/17 1.42/3 1.03/33 0.88/33
15 4.01/9 4.0/ 9 4.01/ 9 3.95/10 3.81/10 3.57/10 3.23/11 2.10/13 2.U/17 1.5/3 1.40/3 1.09/23 0.0g33
17 3.71/10 3.71/10 340/11 3.61/11 3. 3.0/12 2.9/13 2.55/17 2.13/17 1.72M33 1.37/3 1.13/3 1.04/33
19 3.42/12 3.,1/12 3.112 3./113 3.15/13 2."/, 2.66/17 2.3/17 1.98/3 1.6/3 1.34/3I 1.14/3M 1.07/33
21 3.15/13 3.14/13 3.10/1 3.W/14 2.0/15 24A/17 2.,/17 2.15/19 1.4/3 1.55/33 1.30/3 1.14/3 1.09/33
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Table 18. Example of SMP.INP file.

DD96S NUSC SONAR STUDY (ARMORED, TRIMMED SY BOW .22' OA) 5/13/85 TRA
6 0 2 0 0 0 2

FEET 1.9905 32.17250.00001279
529.0000 54.9000 20.3300 8282.00 25.0000 5.0000 0.0000

3.1700 0.0000 23.1700 0.2500 0.4150 0.2500
22 0
0.2500 8 0
0.2500 0.00 7.20 6.50 6.40 0.90 0.30 0.S5 1.05
0.2500 -9.42 -7.12 -4.12 -0.12 3.88 7.88 13.88 20.33
0.7500 8 0
O.7SO0 0.00 7.10 9.70 7.30 2.60 1.50 2.00 2.65
0.7500 -9.51 -8.11 -4.11 -0.11 3.89 7.89 13.89 20.33
1.2500 8 0
1.2500 0.00 S.60 6.45 3.45 2.40 2.70 3.50 4.30
1.2500 -7.60 -6.10 -3.10 -0.10 3.90 7.90 13.90 20.33
2.0000 8 0
2.0000 0.00 0.25 0.75 3.00 4.50 5.40 6.10 6.75
2.0000 -4.04 -2.09 -0.09 3.91 7.91 11.91 15.91 20.33
3.0000 8 0
3.0000 0.00 2.45 3.45 4.90 6.90 8.20 9.15 10.00
3.0000 -0.08 0.92 1.92 3.92 7.92 11.92 15.92 20.33
4.0000 8 0
4.0000 0.00 3.55 5.00 6.85 9.45 11.05 12.20 13.25
4.0000 -0.07 0.93 1.93 3.93 7.93 11.93 15.93 20.33
5.0000 8 0
5.0000 0.00 4.50 6.35 8.85 12.00 13.90 15.25 16.40
5.0000 -0.06 0.94 1.94 3.94 7.94 11.94 15.94 20.33
4.0000 8 0
6.0000 0.00 5.50 7.75 10.95 14.55 16.80 18.25 19.40
6.0000 -0.04 0.96 1.96 3.96 7.96 11.96 15.96 20.33
7.0000 8 0
7.0000 0.00 6.50 9.35 13.10 17.25 19.65 21.10 22.10
7.0000 -0.03 0.97 1.97 3.97 7.97 11.97 15.97 20.33
8.0000 8 0
3.0000 0.00 7.35 10.80 15.20 19M90 22.30 23.70 24.55
8.0000 -0.02 0.98 1.98 3.98 7.98 11.98 15.98 20.33
9.0000 8 0
9.0000 0.00 8.15 15.00 19.00 22.40 24.65 25.80 26.45
9.0000 -0.01 0.99 2.99 4.99 7.99 11.99 15.99 20.33

10.0000 8 0
10.0000 0.00 8.70 16.35 20.65 24.10 26.25 27.10 27.45
10.0000 0.00 1.00 3.00 5.00 8.00 12.00 16.00 20.33
11.0000 8 0
11.0000 0.00 8.80 16.80 21.25 24.65 26.70 27.45 27.50
11.0000 0.01 1.01 3.01 5.01 8.01 12.01 16.01 20.33
12.0000 8 0
12.0000 0.00 7.90 15.80 20.25 23.95 26.40 27.30 27.50
12.0000 0.02 1.02 3.02 5.02 8.02 12.02 16.02 20.33
13.0000 10 0
13.0000 0.00 1.00 2.25 7.60 15.30 19.60 23.40 25.45 26.75 27.25
13.0000 0.03 0.50 1.00 2.03 4.03 6.03 9.03 12.03 16.03 20.33
14.0000 10 0
14.0000 0.00 0.50 1.00 1.00 8.00 15.70 19.90 22.50 24.75 26.65
14.0000 0.04 0.05 0.24 1.04 4.04 6.04 8.04 10.04 13.04 20.33
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Table 18. (Continued)

15.0000 10 0
15.0000 0.00 0.50 1.00 1.00 1.00 1.00 6.00 15.40 23.35 25.90
15.0000 0.06 0.07 0.26 2.06 3.06 4.06 6.06 8.06 13.06 20.33
16.0000 8 0
16.0000 0.00 6.40 12.35 18.00 21.35 23.10 24.10 25.00
16.0000 7.82 8.57 9.57 11.07 13.07 15.07 17.07 20.33
17.0000 8 0
17.0000 0.00 7.00 13.55 17.40 19.50 21.00 22.70 24.00
17.0000 10.00 11.08 12.08 13.08 14.08 15.08 17.08 20.33
18.0000 8 0
18.0000 0.00 5.45 12.40 16.95 19.40 20.80 21.75 22.95
18.0000 12.44 13.09 14.09 15.09 16.09 17.09 18.09 20.33
19.0000 8 0
19.0000 0.00 3.80 8.30 12.65 16.00 18.00 20.00 21.50
19.0000 14.80 15.10 15.60 16.10 16.60 17.10 18.10 20.33
19.7500 8 0
19.7500 0.00 6.00 9.10 12.75 16.00 18.00 19.30 20.80
19.7500 16.51 16.86 17.11 17.36 17.61 17.96 18.61 20.33
1
6 8.0000 13.0662 3.0000
8.0000 20.5000 8.7300 40.0000
9.0000 21.1800 6.6500 51.0000

10.0000 21.5600 5.5850 59.0000
11.0000 21.7500 5.3400 58.0000
12.0000 21.5800 5.8900 58.0000
13.0000 21.0000 7.0300 56.0000
1

12.5000 15.5364 15.5388 0.0000 0.0250 0.0500 6.7375
1

19.3290 19.8580 11.0000 16.4300 16.3600
19.4140 19.7640 11.0000 2.3500 2.3600
2

18.3890 18.5104 17.2500 15.8900 16.0900
18.3780 18.5310 12.7500 4.0900 4.0900
18.3890 18.5104 2.2500 13.4800 13.8200
16.7625 16.8431 15.5000 11.9900 12.1700
16.7433 16.8601 12.7500 6.5800 6.4100
16.7625 16.8431 6.7500 11.0300 11.4900
0 0 0
2 1
¶ 80I0GE SToo SIDE 5.5000 -15.0000 62.0000
2 HELO DECK BULLSEYE 14.4000 0.0000 51.0000
2 1
1 SONAR DONE 1 0.8000 0.0000 -9.5000 12.1000
2 STERN PORT SIDE 3 19.8000 20.8000 33.0000 12.1000
1 2.00OOSIGNIFICANT

12.0000
STOP
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Table 19. DD-965 computer-generated hydrostatics.

DD965 NUSC SONAR STUDY (ARMORED, TRIMMED BY BOW .221 CA) 5/13/85 TRA

TABLE OF SNIP PARTICULARS

SNIP CHARACTERISTICS -

SHIP LENGTH (LPP) 529.00 FEET LENGTH/BEAN 9.636
BEAM AT MIDSHIPS 54.90 FEET SEAM/DRAFT 2.700
DRAFT AT MIDSHIPS 20.33 FEET DRAFT/SEAN 0.370
DISPLACEMENT (S.W.) 6282.1 L. TONS DISPL/C.OILPP)**3 55.946
DESIGN SHIP SPEED 25.00 KNOTS FROUDE NUMBER 0.324

VERTICAL LOCATIONS

C. OF GRAVITY (VCG)- 2.5' FEET VCGfSEAN 0.052
C. OF GRAVITY (KG)** 23.17 FEET KG/SEAN 0.422
METACENTRIC Nt. (GM) 3.17 FEET GM/SEAN 0.058
METACENTER (KN)** 26.34 FEET KN/BEAN 0.480
C. OF BUOYANCY (0S)" 12.19 FEET KS/SEAN 0.222

LONGITUDINAL LOCATIONS*** -

C. OF GRAVITY (LCG) 272.35 FEET LCO/LENGTH 0.S15
C. OF BUOYANCY (LCS) 272.35 FEET LCB/LENGTH O.S1S
C. OF FLOTATION (LCF) 304.49 FEET LCF/LENGTH 0.576

NOTION CHARACTERISTICS -

ROLL GYRADIUS 22.78 FEET RO/MEAN 0.415
PITCH GYRADIUS 132.25 FEET PG/LPP 0.250
YAW GYRADIUS 132.25 FEET YG/LPP 0.250
ESTIMATED ROLL PERIOD 15."6 SECONDS ROLL FREE (RADIANS) 0.396

COMPUTED AREAS "

VATERPLANE 21360.4 50. FEET AUP/ LPP'BEAN) 0.73S
VETTED SURFACE, HULL 33382.2 50. FEET WS/(ZLO'2BD*LI) 0.632

HULL COEFFICIENTS -

$LOCK (CI) 0.491
SECTION (CX) 0.8.2
PRISMATIC (CP) 0.582

* WATERLIHE REFERENCE
KEEL REFERENCE

"***F.P. REFERENCE
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Table 20. Example of response amplitude operator magnitudes and
phases for the DD-965 6DOF responses.

wo M ONC ~MWS m ThMM S "we mw .lo at) SlV" MS

M3 W XK lM CPWTM (RAM) AND PHAM

ElIP W a 2D. GM
alIP AIMe~ - 45.

LA ETAY!: SIGNlIFMTICi WA0f NEW12.00 FEET
H~. FORD a 9. ~WM
STATISTIC a 2.00 (SIGNIFICANT)

OM R mSAY HEM '.f PITCH YAWI
MP. P515 Nft. FlUAE NP.. PHAE MR. PHUE ffif. PUW AWL. RUN

0.20 0.23 l.149E01 136.1 3.497DE-Ol -1.5 9A8W1-01 0. S.W.*S -104.7 2AMM0 -% 9.2 4.0147E-0. -1.6
0.250 0.'%3 13057-01 123.1 3.151601 4-911 9AM-Oi 0.1 MA -0 -13.2 6.51616* -9.8 9.5622-We 0.0
0.23D 0.S 9.017E-M 117.4 L.0M-01 -93.3 9AS0701 0.7 JiAWE-01 -148.5 1.041Z52 -0.6 1.5OW4-03 6.2
0OM O.W LI -0 114.5 3.1701-01 -0.6 9.812W-Ol 6,.2 4.47W4-01 179.3 1W"E-02 -%3.4 2AM-03 MS.
OM~ O.36 7AML-W 112.0 3.0151-01 -93.9 9.7nM-M 13.3 6.00i-01 13.7 1.817-02 -97.2 4.A.03 2.3
0.3W 0.4 6AM-2 ¶6.9 2.SM-O1 -94.4 9.7=l-M1 0.ý 4.11ZI-O1 %.3 2.340-O -93.2 4.9474E-03 -6.2
0.36 0.46 6M - 16.3 2.301-01 -93.5 9.4M7-01 0.5 2427-01 77.0 2.94-02 -W9.3 4.9931E-03 -8.1
OM~ 043 5.-02 106.8 2.005M-01 -9". 9A6115-01 0.6 1.951-01 66.7 3.732E0 -100D.6 S.1OM43 -8.1
0.40 0.519 S.4M-M 106.6 1AM-01 -91.8 9.SM-0 0.8 i.diM.01 59.4 44006-0 -102.1 S.4M-W -7.3
0.420 0.51 5.112ft-C 10h 1.7=16M -1.1 9.013-01 1.0 1."9M-01 93.7 541-02 -1M. 5.72S-31-U 6.3
0440 0.56 4.7567-0 10.7 1.566-01 -0.4 9A604-01 1.3 IMM-01 46.9 6.951-M -105.7 COMME- -5.1
0.43 0.61 4AM -02 10.9 14093-01 -1N. 94531-01 1.6 1.3=-M01A 44.8 6. -10.3 6.31U-0 -3.7
0.43 0.01 4.1W-0 10.1 1.2=-01 -89.1 9454141 2.0 1.291-01 41.2 9.=-M -110.2 64O-W -2.3
03M 0.40 3.8173. 101.3 1.1143.01 -. A 9366-01- 2.3 1.575-01 3.1 1.17120 -112.9 6.546-M -0.8
0.55 0.730 3.4441-M 100.3 9A419-M -87.4 9AM-01 2.6 1.2Y&-01 34.8 1ASS-01 -116.7 7.1OW5 1.3
0.350 0.775 3*73-W 9P.2 7.7=9-M -16.4 I.OXWOO 2.6 1.31W-01 31.9 1.711Z-01 -121.2 7.245-M SA
0375 OM WM1-02 93.0 6.2167-M -5.2 1.1013.0 1.9 1.155-01 29.4 2.01-01 -1MA 7M3E05 5A
0400 0.W 23102 9M. 4.3-W *64.0 1..00O -0.1 1.13101 27.1 2.34141-01 -1329 7.1464-03 7.8
04S 0.915 1.9793-0 93.7 3.6166-02 IRA6 1305.0 -4.0 tLin-01 34.8 2AQ-01 -140.5 6.39-03 10.1
0400 0.934 IAM-2 9.7 2AWN-02 -0.8 1.9%47100 -10.9 9-3407-M 2Z.5 2AM0-01 -1W.6 64m-03 12.5
0.AS 1.01 1.54-M 9D.7 1.731-02 -75.5 1..00O -21.5 LUM-0 2D.3 2.Ai1-01 -140.5 SMW-W 15.2
0.700 1.064 &"=i-M 19.2 1.1703-0 -75.4 1.dAE.00 -36.2 6.9=1-M 18.1 2.7=2-1 -173.1 5.516-5 18.2
0.750 1.140 4.M-5 91.1 4.1W693-0 .2 7.95101 -73.0 4.344-0 1.2 1.5746-01 160.7 3.750E-5 5.9
OAW 1.215 1.3 -63 93.5 1.179A1-5 -4.5 1.3911-01 -15.9 t971-0 5.5 5.567-O 140.4 2.20MM- 36.8
0.900 1.501 2.9755-0 114.0 1.11706 21.2 5.0312-S 5.7 2.321-5 -&A. 2.695-5 112.6 SJOE-04 MA.
1.000 1.742 9.M5-06 149.4 7-VUE-5 -161.6A 6.23-5 16.1 7.165-0-AMA41AM15-06 -67.11 2.AX-6 1W.6
1.1M 1.996 4.r=-06 -77.3 3.55-06-15413 .0DM095 17.2 6.OW-M -1323 3.4-MM- -76.8 3.90M-M -111.8
1.20 2.W9 1116-06 -M8.0 1.5604-06 -107.9 2.M0-0 31.9 1.01M4-M -12D.9 9.V43-C5 -64.8 SI.ZO-05 -51.2
1.500 3.170 1.WI-0S %3.5 7.215-5 -110.7 6.4197-06 40.8 9.149-06 -110.1 6AM-06 1W. 9 7.70951-06 1U6.8
2.000 16.9M 7."91-0M -113.1 4.109-07 53.9 1.5103-0 -81.2 6.7M5-06 -172.0 1.9m2-06 -15. 3 3.3M1-07 63.3

NOW: 1) TIDL NO (Uin,NMA,PITOI) AMLINM AND INDMOVAN OF MA STAIL.
2) LAMK Ma CSAT,J.L,T0 93 NLINM AM COWU WITH LA SWAR NO STATISTIC.
3) MPL.. It IN (PlWANITWOM)?2 NO PWN 19 IN OWMI.
4) WAIND1MG WIOIs 0 004M, 10 010s= KOM, '10 D0~eFLIWIND LFA.
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Table 21. Minimum analysis of ship responses for the DD-965
at a ship speed of 20 knots in bow and stern
quartering seas.

MINIMUM ANALYSIS

SEA TYPE a SHORTCRESTED
SIGNIF. WAVE HEIGHT - 12 FEET
MODAL WAVE PERIOD - 9 SECONDS
SHIP SPEED - 20 KNOTS

ACTH RUN 2 ACTH RUN 3
45 DEG 135 DEG

(BOW SEAS) (STERN QUART. SEAS)
CHAN NAME TYPE UNITS STDDEV PEAK STDDEV PEAK

1 WAVEHT DSP FEET 2.9 -12.6 2.8 -10.8
2 ROLL ANG DEG 1.0 -3.7 3.3 10.2
3 PITCH ANG DEG 0.8 2.6 0.5 1.5
4 HEAVE DSP FEET 2.3 -7.2 1.6 -6.2
5 RELMOT DSP FEET 6.0 -19.2 3.6 -13.1

6 VERT ACC G-S 0.11 0.35 0.04 0.33
7 VERT VEL FPS 1.8 -5.3 1.1 4.0
8 LATE ACC G-S 0.03 0.10 0.03 0.17
9 SLATE ACC G-S 0.04 -0.16 0.08 -0.24
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APPENDIX A
LISTING OF STH PROGRAI4
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C DeCK STH - Simulation Time History Program

* 9/1/89 8035 am

PROGRAM STH

* SIMULATION TIME HISTORY PROGRAM
*

* for Wave Height and
* the six-degree-of-freedom motions
* SURGE, SWAY, HEAVE, ROLL, PITCH, and YAW

* at one speed, one predominant heading,
* and one sea condition (identified by
* significant wave height and modal wave
* period).

* Either longcrested or shortcrested seas
* can be selected.
*

• Wave height at points can be computed

* David Taylor Research Center (DTRC)

* Code 1561

C SUBLIST

* List of subroutines

* no. name type description
*-------------------------------------------------------------------------------------------

I ALQORMO subroutine Computes area under a spectrum
* 2 ATAN2D function Arctangent function in degrees for
• any quadrant
* 3 Fx.;#VSP subroutine Computes BretschneLder Wave Spectrum
* 4 CPFIT subroutine Cubic non-parametric spline fit for
• complex data
• CPLVAL subroutine Evaluates a complex non-parametric
* spline

* 6 ELTIMN subroutine Prints elapsed time
* 7 U2P function Avoid underflow with r77L EXP routine
• 8 INTRPL subroutine Interpolation routine

2 9 ORGT1N subroutine Reads SMP origin file to get 6DO0
* transfer functions
• 10 ULITIR subroutine Reads ROLL transfer functions for
• roll iteration

--------------------------------------
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* 11 RLITR subroutine Performs roll iteration
* 12 SCTH subroutine Computes longcrtst~ed/shortcrested

* time histories
* 13 SLENTH subroutine Returns location of last non-blank

* character in a string
* 14 SPFIT subroutine cubic non-parametric spline fit for

* real data
IS1 SPLVAL subroutine Evaluates a real. non-parametric

* spline

* 16 TFNFIT subroutine ?its lateral transfer functions for
* non-linear roll answer

* 17 ThIN subroutine Transfer function subroutine
IS1 UCASE subroutine Converts strings to uppercase

--------------------- --------- ------------------------

C DIMENSIONS

COMMON DUMMY,USCS,IvS,IvuS,PAGE,ECS,DELL,DISP,
2 CLR,YS,N8,N, Samplerate,Dt, Runnumber,Waveheight,Heading,
2 TrialS,DateS,TimeS,LocationSPersonnelS,
2 Nam*SFactor(32) ,Unitsl,
2 ComentsS,Count,D,Plimit,NlimitNparam,
2 Results(32,4) ,Dindx(32,2) ,FISSMPDATAS,STHDATAS,DATAS,
2 SHIPTYPS,SHIPSVARIANTS, CYCLES, LSHIP,LDATAS,LSTHDATA, LSMPDATA

CHARACTER-6 SO IESSHPDATAS, STHDATAS, DATAS
CHARACTER*8 511IPTYPS, SHIPS
CHARACTER VARIANTS' 1, CYCLES*2
INTEGER Dindx
COMMONK /DTITL/ DtitleS
CHARACTER*72 DtitleS
COMMON /BKI/ BCRKS(1O),NMAX
COMMONK /BK2 / UNTCONV, VMETR
COMMON1 /511008/ SI(0z3600),CO(0s3600),XJTX,RDX,DRX,X2PI
COMMON /EMA/ hIC,ESPZEDEZH ADESIGWH,ETMODAL, STATIS,

2 ZSTART,EEND,NWfl,NMU,CHDKG(11),32(1l), ME(1S0,11),
2 COOER(2O,150,11),COEFI(1O,150,11)

COMMON /WAVBPNT/ NWPOI NT, WNTXLOC, VPNTYLOC, WPNTZWOC, WPNTNAMES,
2 WAVEXLOC, VAVEYWOC,WAVBZLOC

DIMENSION VPNTXLOC(3) ,WPNTYLO0C(3) ,VPNTZLOC(3) ,WAVEXLOC( 3),
2 IEAVEYWOC(3) ,WAVEZLODC(3)

CHARACTER WPNTNANES (3) '20

CHARACTER'4 US,C8,Iv$,IvuS,COptionBAS,UPCB
CHARACTER YS,N5,ECS,BELL,DIBP'S,PAOE'2,CLR*2
CIIARACTER*18 Datel,Time8,Namel(32),UnitsS(32)
CMARACTER*40 TrialS, LocationS,Personnel8,Cownentu.Z
CHARACTER-3 MONTHS (12)
CHARACTER' 13 DTGS
CH W CTER*20 T1S,T28
CHARACTER'S ARUN, SUNITS
CHARACTER*4 TITLZ(20) ,VALS
CHARACTZR*2 SSATYPES,STYPS(2) ,SMPUTS
CIAAACTZR'18 STYPHE (2)

DIMENSION OMG(30),RLANC(6)
REAL LP, KG, KROLL,LCB
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LOGICAL VRT, LAT, ADDRES

DATA MONTHS /'JAN','FEB', MAR',APR'UMAY','JUN','JUL', UG',
2 'SEP',9OCT','NOV4,'DEC'/

C CONSTANTS

-- - - - - - -m- - - - - - - - - - --- -

* Set up program constants

YS-1Y' I "YES" answer
NS-'N' I "NO" answer
Nparam-4 I No. of statis. param. (MEAN, STDDEV, MAX, MIN)
NMAX-10 I Max. no. of channels
FTHETR-.3048 I Feet to meotrs conversion factor
VKMZTR - 1.689'FTMETR I FPS to MPS conversion factor
STYPS(1)-'LC' I Longcrested seas
STYPS(2)s'SC' I Shortcrested seam
STYPNS(1) - LONGCRESTED SEAS
STYPNS(2) - 'SHORTCRESTSD SEAS

*------------------------------------------------------------------------------------------------

* Generate sin and cosine lookup table (0.1 dog resolution)

PI - 3.141S927
X2PI a 2 * PI
XJTX a 3600
RDX - 3600 / X2PI
DRX - 1 / RDX
DO 10 J-0,3600
ARC - J * DRX
5o(J) - SIN(ARG)
CO(J) - COB(ARG)

10 CONTINUE

C START

" set underflow to zero
• CALL UNDERO (.TRUE.)

CALL UNDFL (.TRUE.)

------------- m -------------------------------------------------------
* Open STH.IKP file

718 a 'STH.INP'

OPEN (S,FILEuFIS,STATUS"'OLD')

1000 FORMAT (A)

READ (5,1000) SMPDATAB
READ (5,1000) STHDATAS
READ (5,1000) SHIPTYPS
READ (5,1000) SHIPS
READ (5,1000) VARIANTS
READ (S,1000) CYCLES
RWE (S,1000) SUNITS
READ (5,1000) TRIALS
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CALL SLENTII (SI4PDATAS,LBMPDATA)
CALL SLENTH (STHDATABILSTHDATA)
CALL SLENTH (SHIPS,LSHIP)
CALL SLENTH (SUNITS,LSUNITS)
CALL MCASS (SUNITS,LSUNITS)

-- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -- -

* Read point locations for wave height at a point

READ (5,1000) AS
READ (S,'(lBX.I5)') MWPOZNT
IT (NWPOINT .GT. 3) NWPOINT a 3
REMD (S,1000) AS
READ (5,1000) AS
READ (5,1000) AS
IF (NWPOINT .GT. 0) THEN
DO 20 1-l,MWPOINT
READ (5, (14,3F8. , 3X,A20)-) IWPHT,WPNTXLOC(I),WPNTYLOC(I),

2 WPNTZLOC(I),WPHTNAI4ES(I)
20 CONTINUE

END IF
READ (5,1000) AS

*--------------------------------------------------------------- m -------------------------------

* Open file of origin motion transfer functions from SHIP

PIS a SI4PDATAS(1:LSMPDATA)//'\'//
2 SHIPS(1:LSHIP)//VARIANTS(1:1)//' .ORG'
OPEN (11, FILEUFIS, F0PM 'UNFORMATTED' ,STATUSu' OLD')

* Read header record
READ (11) TIfLE,NVR, MNMUNOMEGA,0MG,NRANG,RLANG,VRT,LAT,

2 ADDRESS LPP, SEAM,DRAPT,DISPLI4,03,DELGM,KG, IROLL,LCB,GRAV,RHO,
2 VKDZS, VKIMC, DBLWL

S)CPUTS - WN I 514? displacement units are in meters
IF (CRAV .GT. 1S.) SMUTS - -F' I SHP displacement units

are in feet

IF (SUNITS(tl:) .ME. 'W) VKI4ETR - VXI4ETR/FTMETR
UWTCONV - 1 I displacement units conversion factor
IT (SIMflTS(1:1) SEQ. 'W4 .AND. SUNITS(lal) .EQ. 'I')

2 UKTCOKV - 1. /FTMETh
IT (SMPUTS(1:1) SEQ. 'F' .AND. SUNITS(l:1) .EQ. '14')

2 UNTCOXV a FTMETR

ORAV - GRAV * UNTCOXV
LPP - LPP * UNTC0MV
LCI - LC3 * UNTCOKV I Note that LCO - LCB in the SHP program
DBLWL a DILUL * U1ITCOXV

WRIT! (TRIALS,-(10A4)') (TITLE(l),Ial,10)
CLOS3 (11)

IT (N M I01K? .T. 0) THEN
DO 30 1-1,NWOINT
VAVEX.LOC(I) a LCI - WPNTXLOC(I) * (LPP / 20)
WAVEYLOC(I) - WPUTYLOC(I)
WAVZLOC(I) - 0
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30 CONTINUZ
END IP

* Start loop over runs

READ (5,*) NRUNS

* Start loop over rune

DO 500 IR-1,NRUNS

READ (5,*) RUNNUHER, SAMPLERATE,TSTART,TEND, SPEED, HEAD, SIGWH,
2 TMODAL, STATIS, SEATYPES

DT-1./Samplerate
TLRUN-TEND-TSTART
ICOUNT-Samplerate*TLRUN + 1
COUNTsICOUNT

VK-SPEED

IC-i
IF (SEATYPES(1:1).EQ.'L' .OR. SEATYPES(ll).EQ.'1') IC-1
IT (SEATYPES(1:1).EQ.'S' .OR. SEATYPES(1:1).EQ.'s') IC-2

BIC-IC I SEA TYPE - 1-Longerested, 2-Shortcrested
ESrEED-SPEED I Ship speed in knots
EHEAD-HEAD I Predominant heading in degrees

* 1SHP output heading reference
* ( 0 deg-head, 90 deg-stbd beam,
* 180 deg-following )

ESIGWH-SIGWH I Significant wave height
ETMODAL-TMODAL I Modal wave period
ESTART-TSTART I Start of run in seconds
EEND-TEND I End of run in seconds
NWW-150 I No. of frequencies for time histories
IF (IC.EQ.1) NMU-1 I No. of component headings (longcr. seas)
IF (IC.EQ.2) NXUa1l I No. of component headings (shortcr. seas)

*---------------------------------------------------------------------------------------------

* Define the run

IRUN-RUNNUBNER
WRITE (ARUN,-(IG6)) IRUN
L-LEN (ARN)
M-0
DO 40 I1-,L
IF (ARUN(IsI).EQ.CHAR(32)) GO TO 40
M-I
GO TO 50

40 CONTINUE
50 DATAB 'SR'//ARUN(MsL)

CALL SLEUTH (DATAS,LDATAS)

Waveheight-SIOWH
Reading-HEAD
ISPEED-VK+ 001
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INDNO -HEAD+. 001
ITOOTMODAL. .001
ISTART-TITART
ZEND=TEND
WRITE (ConvaentsS,3000) STYPS(IC) DISPEED,IHDNG,SIGWH, ITO

3000 FORE4AT(A2,' Va*,13,' dID=',14,1 SWHul,FS.1,' TO=',13)

N a 7 + NWPOINT I No. of channels-
* Waveht at LCG +

6DOF motions +
* Waveht at points

NamoS(1) a IWAVENT?
Unit@Sl() a SUNITS
Naa.S(2) = 'SURGE
VnitIS(2) u SUNITS
Nam&S(3) a -SWAY
UnitsS(3) - SUNITS
NaaeS(4) - IREAVE I
UnitsS(4) a SUNITS
NameS(S) - -ROLL
UnitsS(5) a 'DEG
Nazn.S(6) - 'PITCH
UnitsS(6) - DEG
NameS(7) - 'YAW
UnitsS(7) - 'DIG
NameS(S) - 1WVHTP1'
UnitsS(S) - SUNITS
Nameg(9) - 'WVHTP2'
UnitsS(9) - SUNITS
NameS(10) - 'WVHTP3'
UnitsS(I0) a SUNITS

-- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -
* Got DATE and TIME

CALL DATE(Dat*S)
CALL TIME(TimeS)
TI5-TLmS

READ (Dat*3,w(12)") MONTH
DTGS a DateS(4:5)f/TimS(1a2)//Tim.S(4: 5)/I 'L '//MONTHS(MONTH)//

2 DatoS(7tS)

AB-'CLS1
CALL SYSTEM (AS)

PIS a STHDATAS(ltLBTHDATA)//'\'//DATAS(liLDATAS)//' .TEX'
OPEN (10, FILE-FIB, FORM- 'FORMATTED', STATUS. 'UNKNOWN')

WRITE ( *,2000) DateS,TjmeS
WRITE (10,2000) DateS,TimeS

2000 FORMAT (24X, 'SIMULATION TIME HISTORY PROGRAM'///
2 32X,'DATE t ',AS/32X,'TIKI t ,S//

WRITE ( *,2002) SHIPTYPS
WRITE (10,2002) SHIPTYPS

2002 FORMAT (17X, 'SHIP TYPE s ',AS)

WRITE ( *,2004) TRIALS
WRITE (10,2004) TRIALS
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2004 FORMAT (/17X,'TITLE : ',A40)

WRITE ( *,2006) SHIPS
WRITE (10,2006) SHIPS

2006 FORMAT (/17X,'SHIP : ',AS)

WRITE ( *,2008) VARIANTS
WRITE (10,2008) VARIANTS

2008 FORMAT (17X,'HULL VARIANT : ',Al)

WRITE ( *,2010) CYCLES
WRITE (10,2010) CYCLES

2010 FORMAT (17X,'SMP CYCLE NO : ',A2)

WRITE ( ,2014) SUNITS
WRITE (10,2014) SUNITS

2014 FORMAT (/17X,'UNITS : ',A6)

WRITE ( *,2015) GRAV
WRITE (10,2015) GRAV

2015 FORMAT (17X,'GRAVITY : ',F9.4)

WRITE ( *,2016) LPP
WRITE (10,2016) LPP

2016 FORMAT (17X,'SHIP LENGTH i',F8.2)

WRITE ( *,2018) LCB
WRITE (10,2018) LCB

2018 FORMAT (17X,'LONGITUDINAL CENTER OF GRAVITY (REF FROM FP) ,
2 F8.2)

WRITE ( *,2020) DBLWL
WRITE (10,2020) DBLWL

2020 FORMAT (17X,*DISTANCE FROM BASELINE TO WATERLINE : ',F8.2)

WRITE ( *,2022) RUNNUMBER
WRITE (10,2022) RUNNUMBER

2022 FORMAT (/17X,'RUN NUMBER : ',F5.0)

WRITE ( *,2025) CommentsS
WRITE (10,2025) ComwentsS

202S FORMAT (17X,'COMMENT : ',A40)

WRITE ( 0,2026) Samplerate
WRITE (10,2026) Samplerate

2026 FORMAT (/17X,'SAMPLE RATE :',F8.3,' SAMPLES/SEC')

WRITE ( *,2027) TSTART
WRITE (10,2027) TSTART

2027 FORMAT (17X,ISTART TIME s ',F8.3,' SEC')

WRITE ( *,2028) TEND
WRITE (10,2028) TEND

2028 FORMAT (17X,'STOP TIME t ',F8.3,' SEC*)

WRITE ( *,2029) TLRUN
WRITE (10,2029) TLRUN

2029 FORMAT (17X,'RUN TIME : ',F8.3,' SIC')

WRITE ( *,2030) ICOUNT
WRITE (10,2030) ICOUNT

2030 FORMAT (17X,'TOTAL NO. OF SAMPLES s ',I8)
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WRITE ( -,2031) SPEED
WRITE (10,2031) SPEED

2031 FORMAT (/17X,'SHIP SPEED : '.F5.2,' KNOTS')

WRITE ( -,2040) HEAM
WRITE (10,2040) HEAD

2040 FORMAT (17X,'PREDOMINANT HEADING : ',F5.0,' DEG'/
2 /20X,' SMP OUTPUT HEADING REF. I
2 /20X,.----- -----------------
2 /20X,' 0 dog-head seas,
2 /20X,' 90 degustbd beam seas,
2 /20X,' 180 degafollowing seas '//)

WRITE ( -,2045) STYPNS(IC)
WRITE (10,2045) STYPNS(IC)

2045 FORMAT (17X,'SEA TYPE : ',A18)

WRITE ( -,2050) SIGWH,SUNITS
WRITE (10,2050) SIGWH,SUNITS

2050 FORMAT (17X,'SIGNIF. WAVE HEIGHT : ',F6.2,' ',A6)

WRITE ( *,2060) THODAL
WRITE (10,2060) TMODAL

2060 FORMAT (17X,'MODAL WAVE PERIOD : ',F6.2,' SEC'/)

WRITE ( -,2070) STATIS
WRITE (10,2070) STATIS

2070 FORMAT (17X,'STATISTIC USED FOR ROLL ITERATION , ',F6.2,
2 ' * RMS#//)

WRITE ( *,2075) N
WRITE (10,2075) N

2075 FORMAT (17X,'NUMBER OF CHANNELS 1 ',13)

WRITE ( *,2076) NWPOINT
WRITE (10,2076) NWPOINT

2076 FORMAT (//17X,'NUMBER OF WAVE POINTS2 ',13//)
WRITE ( -,2077)
WRITE (10,2077)

2077 FORMAT (26X,'List of Wave Points'//2OX,
2 ' NO XLOC YLOC ZLOC NAME'/12X,51(--))

IF (NWPOINT .GT. 0) THEN
DO 60 I-1,NWPOINT
WRITE ( *,'(10X,14,3F7.1,3X,A20)') 1,WPNTXLOC(I),

2 WPNTYLOC(I),WPNTZLOC(I),WPNTNAMES(I)
WRITE (10,'(lOX,14,3F7.1,3X,A20)') I,WPNTXLOC(I),

2 WPNTYLOC( I ),WPNTZLOC( I ),WPNTNAMES (I)
60 CONTINUE

END IF

CALL TRFN I Get transfer functions

CALL SCTH I Compute time histories

WRITE ( ',2080)
WRITE (10,2080)

2080 FORMAT (///37X,'STATISTICAL RZSULTS'//41X,'TIME DOMAIN',14X,
2 '-REQ. DOMAIN'/' CHAN NAME UNIT',8X,'HEAN',4X,'STDDZEV°6X,
2 'MAX',7X,'MIN',7X,*STODEV°/)

DO 70 Mu1,N
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WRITE( *,2090) M,Namel(M),UnitsS(N),(Resultu(M,J),J-1,4),
2 SCRMS(M)
WrRITE(10,2090) H,NazneS(M),UniteS(N),(Resultu(M,J),J-1,4),

2 SCRMS(M)
2090 FORMAT (14, 3X,AS,2X,A6,4F10.3,F12.3)

70 CONTINUE

CALL TIME (T2S)
CALL ELTIME (TIS,T2S)

CLOSE (10)

*----------------------------------------------------------------------

* open STHLOG.TEX file

FIS - STIIDATAS(ltLSTHDATA)//'\'//'STHLOG.TEX'

OPEN (3,FILEuFIS,STATUS-'NEW' ,ERR-8O)

WRITE (3,-(/27X,-STH LOG RUN SU)O4ARY')-)
WRITE (3,"(/19X,*TRIAL: .,A)-) TRIALS
WRITE (3,"(/19X,-STH DATA PATH ',A)") STHDATAS(1:LSTHDATA)
WRITE (3,-I//19X,'TYPE CODE : BI - BINARY')-)
WRITE (3,-(/' RUN TYPE TIME DATE-TIME-GROUP

2 . COMHENTS')")

GO TO 100

80 OPEN (3,FILE-FIS,STATUS-IOLD ,ERR-99)

90 READ (3,1000,ERR-100) AS
00 TO 90

100 IF' (HOD(RUNNUMBER, 5) .EQ. 1) WRITE (3,*)
RTIME - TLRUN / 60 1 run time in minutes
WRITE (3,4000) RUNNUABER, '31', RTIME, - MIN', DTGS, C~ommentsS

4000 FORMAT (15,2XA2,F6.1,A4,3X,A13,4X,A40)

CLOSE (3)

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* End loop over runs

5Wi CONTINUE

CLOSE (S)

C QUIT

STOP
99 write (,) error'

END

C ST3BROTJTINES



C DICK ALGRNG - Computes area under a spectrum

* 3/31/88 8:10 am

SUBROUTINE ALGRNG (NW,SAREA)

ThLs subroutine computes the area under the curve for a particular
"spectrum. An odd number of points (frequencies) should be used.

DIMENSION W(N),S(N)
MNN-2
AREAO0.
TEMP w 0.
DO 20 Mul,MN,2
A-W(N+2)-W(M)
B-W(M+2)-W(M+I)
C-W(M+1)-W(M)
PAREA a A*A/6.*(s(M)*(3.*C-A)/(A*C)+S(M+1)*A/(B*C)+

2 S(M+2)*(2.*A-3.*C)/(A*3))
TEMP - PAREA
IF (PAREA .LT. 0.) TEMP u 0.
AREA - AREA + TEMP

20 CONTINUE
IF (MOD(N,2) .EQ. 1) GO TO 30
DELW a W(N) - W(N-l)
DILS - 8(N) - 8(N-1)
AREA a AREA + 8(N-I)*DELW + .S*DELS*DELW

30 'CONTINUE
AREA a ABS(AREA)

RETURN
END

C DECK ATAN2D - Aretangent function in degrees for any quadrant

* 2/18/89 1:15 pm

FUNCTION ATAN2D (8,A,RADDEG)

* Arctangent function to compute angles (in degrees) in any quadrant.
* The b argument is the imaginary vector. The A argument is the real

vector.

DATA IPS /1.9-6/
I? (B .ZQ. 0.) ATAM2D - 0.
If (B .GT. 0.) ATAN2D - 90.
IF (8 .LT. 0.) ATA02D -- 90.
1F (ABS(A) .GT. IPS) ATAN2D - ATAN2(B,A) * RADDEG

RETURN
END

C DECK 3RWVSP - Computes Bretschneider Wave spectrum

* 4/2/88 12:30 m

SUBROUTINE BAWSP (NOK,SIOWH,TOW,S)

* this routine calculates a BRITSCHNMZDER 2-parameter wave spectrum
(signLfLcant wave height, modal wave period)
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* W.G.MEYERS, DTNSRDC, 072977

DIMENSION W(NOK) ,S(NOK)

EXTERNAL ZXX

DATA A,B /487.0626,1948.2444/
T04 - T0**4

* for PLisrson-Moskowitz wave spectrum
* T04 - 5S.0936*8IGWH'*2

CONl a A*SIGWH**2/T04
00112 a B/T04
DO 10 1-1,110K
W14 - W(I)**4
WS - V(I)'114
AMG - 00112/114
IF (ARG.GT.50.) S(I)inO.
IF (ARC.GT.S0.) GO TO 10
S(I) a CONI/WS*EXP(-AflG)

10 CONTINUE

RETURN
END

C DZCK CPFIT - Cubic non-parametric spline fit for complex data
* 3/Z31/88 BuIS am

SUBROUTINE CPFIT (X, Z, CELEMS, NPTS)

*CPFZT CREATED FROM SPFI3T Z N HUBBLE JUNE 1977
* FITS CUBIC NON-PARAMETRIC SPLINE SRGMENTS

* TO SET OF COMPLEX DATA POINTS

* INPUTS
X a ARRAY OF REAL INDEPENDENT VARIABLES
z a ARRAY OF COMPLEX DEPENDENT VARIABLES
UPKTS - NUMBER Or (X,Z) DATA POINTS

* RETURN
* OLEMS - ARRAY OF (KITS-i) SEGMENTS in POLL40ING FORM
*( (2(I),, D(I), Z(141), D(I*1) ) 1 MOIRE

aD - ARRAY OF SECOND DERIVATIVES AT DATA POINTS

a ARRAYS A,3,C ARE MAINLY SUB DIMG., DIAGONAL, AND SUVER DIMG.
* D ARRAY is TEE RIGHT HAND SIDS OF MATRIX EQUATION
* SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AMTR SOLUTION
* SOLUTION TECHNIQUE IS GAUSSIAN ELIMINATION
* BOUNDARY CONDITIONS SIT BY EXTRAPOLATION OF SECOND DERIVATIVES

OOMON/IO/ICARD, IPRIN,POTFIL,COFFIL,RAOVIL,RMSFIL,ORGFIL, SPCFIL,
2 ISCARD, BLKFIL, SORFIL, SILFIL, LOOFIL, LRAFIL. SEVFIL
INT1GER ICARD, IPRIN,POTIIL,COFFYIL,RAorIL,RMSFII,,ORoIIL, SPCFIL,

2 ISCARD,BLKFIL, SCRlL, SPLFIL,LCOFIL,LRAFIL,SEVFIL
C1OMPLEX Z, ZDD, STORE, D, CELEMS
DIMENSION X(XPTS),2(NPTS),CELEKS(4,NPTS)

DIMENSION A(100), B(100), C(100), D(100)
x a KITS
KLi - N - 1
NL2 - N - 2
DO 50 1.2,11
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IF (X(l) GOT. X(I-2)) 0O TO 50
WRITE ( *,Bse) X(I-1),X(I)
WRITE (10,688) X(I-1),X(I)
G0 TO 88686

s0 CONTINUE
IF (N L.1.3100) G0OTO 100

WRITE ( '.999)
WRITS (10,999)
N - 100

100 CONTINUE
If (N .0T. 2) 00 TO 125

D(1) - (0.0, 0.0)
D(2) - (0.0, 0.0)
G0 TO 375

125 CONTINUE
IF (N GOT. 3) 0O TO 150

ZDD *2.'( (X(3)-X(2) )'Z(1)4(X(2)-X(l) )*Z(3)-(X(3)-X(1) )'Z(2))

D(l) aZDD
D(2) Z DD
D(3) -ZDD
GO TO 375

150 CONTINUE
DO 200 I-1.N

A(I) - 0.0
a(I) -0.0
C(I) - 0.0
D(I) - (0.0,? 0.0)

200 CONTINUE
*SET UP MATRICES(A TRIDIAGONAL STRUCTURE)

C(I) - 2.0

A~l) - 60(XZ(3)-X(2))/(X(3)-X(1)) (()-(I)

1 (X(2)-X(I)))/(X(3)-X(l))
H - X(3) - X(2)
DO 250 Im3,NL1

HP - X(I+1) - X(I)
C(I) - HP /(H+RP)
B(I) - 2.0

DfI) - 6.0*((Z(I+1)-Z(I))/HP-(Z(I)-Z(1-1))/H)/(4IP+H)
H a HP

250 CONTINUE
*SET BOUNDARY CONDITIONS

C(2) = (X(2)-X(2))/(X(3)-X(2))
A(2) - 1.0
1(2) a -1.0-C(2)
C(2) - -A(2)*A(1)/8(2) + C(2)
D(2) - (0.0, 0.0)
C(K) - (X(N)-X(N-2))/(X(N-1)-X(N-2))
A(M) a -1.0 - C(N)
1(N) - 1.0
D(N) - (0.0, 0.0)

* SOLVE EQUATIONS
11 w 1
DO 300 I1m1NL2

Il-aI + 1
12 a I + 2
AUG11 a ADS (2(1))
IT (AJGH LT.. 1.03-06) 00 TO 275

CONST - A(12) i 3(I)



B(1 (11) - CONST*C(I)
D(12) -D(11) - CONST*D(I)

IT (I .NE. NL2) 00 TO 300
A(N) a A(N) - C(N)*C(I) B (I)
D(N) - (N) - C(N)*D(I) BM(I
G0 TO 300

27S CONTINUE
11 - I +
D(I) *D(I) / C(I)

D(11) A(11) B1)Dl

A(I1) *0.0
D(12) -D(12) -A(12)'D(I)

A(12) -0.0
IF (I .NE. NL2) GO To 300

A(N) - C(N)
300 CONTINUE

DET - B(NL1)*B(N) - C(NL1)*A(N)
STORE - D(N)
D(N) - (B(NLI)*D(N) - D(NL1)*A(N)) / OT
D(NL1) - (D(NL1)*B(N) - C(NLI)*STORE) / OUT
I? - 0
DO 350 1-2,NL2

31 - N - I
IF (JI EKQ. IP) GO To 350
IF (J1 .EQ. 11) 00 TO 325

D(J1) -(D(JI)-C(JI)*D(JI+l))/B(JI)
GO TO 350

325 CONTINUE

STORE - D(J1)
0(31) - D(IP)
D(IP) - (STORE - C(IP)*D(JI41))/B(IP)

350 CONTINUE
D(1) - (D(l) - A(1)*D(3) -C(1)*D(2)) / (1)

* SET UP SPLINE SEGMENTS
375 CONTINUE

DO 400 1-INLi
11 - I + 1
CEIEMS(1,I) u 2(I
CELEI4S(2,I) - D(I)
CELIMI(3,I) - Z(11)
CELEMB(4,I) - D(I1)

400 CONTINUE
99999 CONTINUE

RETURN
088889 CONTINUE

STOP
$88 I0RJEAT ('0 CPFXT-- X VALUES NOT ASCENDING-, 2916.8)
999 FORMAT ('0 CYPIT-- Nfl'S EXCEEDS 100. ONLY 99 SEGMENTS RETURNED-)

mN

C DICE CPLVAL - Evaluates a complex non-parametric spline
* 3/31/66 8:25 am

SUIROUTINE CPLVAL (X, OPTS, CELENS, XO, 20, 50, IELM)

* CPLVAL CREATED FROM SPLVAL
* EVALUATES A COMPLEX NON-PARANETRIC SPINK!

* INPUTS
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*X - ARMAY OF REAL INDEPENDENT VARIABLES
*NPS - NUMBER OF VALUES IN X-ARRAY
*CELEMS- COMPLEX SPLINE SEGMENTS GENERATED BY CPFIT
* 10 X -VALUE AT WHICH SPLINE IS TO BE EVALUATED
* RETURNS

*z ZO * (X0) - Z-VALUE EVALUATED AT XO
* so SECOND DERIVATIVE EVALUATED AT X0
* IELM INDEX OF SPLINE SEGMENT CONTAINING 10

COMIPLEX CELENS, 20, Z1, Z2, S0, Si, 82
DIMENSION X(NPTS),CELEMS(4,NPTS)
CWOIN/IO/ICARD, IPRIN,POTFIL,COFFIL,RAOFIL,RKSFIL,ORGFIL,SPCFIL,
2 ISCRD, BLU'ILD SCR1ILSPLFIL, LCOOIL, LRAFIL, SEVIL
INTEGER ICARD, IPRIN,POTFIL,COFFZLRAOFIL,RKSFIL,ORGFIL,SPCFIL,
2 ISCARD,BLXFIL,SCRFILSPLFIL,LCOFIL,LRAFIL,SEVFIL
N - NPTS
IT (X.0.G.X(1) .AND. X0.LZ.X(N)) GO TO 100
WRITE ( -,999) 10
WRITE (10,999) 10
GO TO 99999

100 CONTINUE
DO 200 Iu2,N

IF (X0 .GT. X(I)) GO TO 200
GO TO 300

200 CONTINUE
300 CONTINUE

XX a X(I+1) - X(I)
X1 - 10 - X(I)
X2 - X(1+1) - 10
116 a X * XX / 6.0
71 - CELEMS(l,I)
Z2 - CELEMS(3,I)
Si - CELENS(2,I)
82 a CELEMS(4,I)
ZO - (81 * X2**3 + 82 *X1*'3) /(6.0 *XX) +

((ZI - S1XX6) X124+ (Z2-52*X16) * XI /11
80 a (S1 * X2 + 52 * Xl) / XX
Ism.1 - I
RETURN

99999 CONTINUE
STOP

999 FOMAhT ('0 EXTRAPOLATION NOT ALLOWED. X0 Zn 16.8)
END

C DECK ELTIME - Prints elapsed time

* 3/31/ 88 83O aim

SUBROUTINZ ELTIME (TS,ES)

CHARACTER'20 TS,ES

READ (TS,-(I2,1X,I2,11,FS.2)-) IH,IM,BSEC
READ (ZS,-(12,lX,I2,lX,F5.2)-) JHJM,ESEC

IF (RSEC .OZ. 832C) GO TO 10
ESZC - ESEC + 60.

*m a 14 - I
10 IF (3M .0E. IM) 0O TO 20

.71 - .73 + 60.
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20 IF (JH.LT.ZK) JN-JH424

KH-JH-IH
KK-JM-Im
DELSECEZSEC-BSEC
KSmDELSEC+. 5

WRITE ( *,l000) KH,KM,KS
WRITE (10,1000) KH,KM,KS

1000 FORMAT (//29X,-ZLAP*SED TIME-/16X,39("-,)/
2 17X,13,- Hours-,2X,I3, " inutesn,2X,13,n Seconden)

RETURN
END

C DECK EXP -Avoid undert low with F77L EXP routine
4/2/88 2:40 pm

FUNCTION EXP(X)

*avoid underfiow with F77L EXP routine

IF(X.LT. (-50) )THEN
EXP-O.

ELSE
ZXP-DEXP(X)

END IF

RETURN
END

C DECK INTRPL - Interpolation routine

* 3/31/88 8030 am

SUBROUTINE INTRPL(N,XN,YN,M,XM,YM)

DIMENSION XN(N),YN(N),XM(M),YN(M)
K-1
SWOPE-(YN(K*1)-YN(K) )/(XN(K+1)-XM(K))
DO 40 Im1,M

10 IF (XH(I).QE.XN(K+1)) 0O TO 20
YM(I)-YN(K)+SWCPE'(XM(I)-XN(K))
G0 TO 40

20 K-K+1
IF (K.EQ.N) 00 TO 30
SWOPE-(YN(K+1)-YN(K) )/(XN(K+1)-1N(K))
00 TO 10

30 YM(I)-YN(K)
40 CONTINUE

RETURN
END

C DECK ORGTFN - Reads SNP origin file to got 6DOF transfer functions
* 2/15/89 9:10 am

SUBROUTINE OROTIN (SPEED,NNMU, CIDNG, RLANS ,RADDEG)

C0OMMON /3K2 / UNTCOrV, VKMETR
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COMMON /BK3/ MOTVI MOTh ,HJV, MJL,Hf7 ,ORGTP, CTEMP
COMPLEX MOTV(3,30),MOTL(3,30,8),HJV(3,30),HJL(3,30),H7(30)
COMPLEX ORGTF(30,11,6),CTRUP
DIMENSION CKDNG(ll),OMEGA(30),RLAMG(8)
CMAAACTKR'4 TITLE (20)
REAL, LPP, KG,KROLL, LCB
LOGICAL VR?1 LAT,ADDRES
DATA BPS /0.51

* ~Read header record from~ SMP origin file

REWIND 11
READ (21) TITLE,NVK,NNMU,NOMEGA,OMEGA,NRANG,RLANG,VRT, LA?,

2 ADDRES,LPP,BKAH,DRAFT,DISPLM,GM,DELGM,KG,KROLL,LCB,GRAV,R140,
2 VKDES ,VKINC, DDLWL

GRAV aGRAV * UNTCONV
LPP aLPP * UNTCONV
LCD LCD * UNTCONV
DBLUL a DBLWL * UNTCONV

ISPEZDwO
IHEADO0

DO 200 IV=l,NVK I Loop over ship speed

DO 190 IHul,NNNU t Loop over 13 SMP headings

REAM (11) SHPSPD,HEADNG,OMZGAE
IF (VRT) READ (11) NOTV
IF (LA?) READ (1n) I4OTL
IT (ADDRES) READ (11- HJV,HJL,H7

*-------------------------------------------------- m ---------------------
* Skip if not desired ship speed

IT (SHPSPD .GT. SPEED) GO TO &A0
IF (ABS(SHPSPD-SPEED) .GT. 3P8) go To 190
ISPEEDmi

-------------------------------------------------------------------------
* Loop over plans

*IP - 1 - STDD plan* headings
*IP a 2 - PORT plane headings

DO 180 IP-1,2 I Loop over plane
IPLANEUIP

*-----------------------------------------------------------------------

£Determine if this heading is one of the component headings

KHOO
DO 130 LJ~al,NMU I Loop over component headings
ARO-CHDNG (LH)
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GO TO (110,120),ZP I Select plane (STBD or PORT)

*-----------------------------------------------------------------------------------------------

* STBD plans headings

110 IF (ARG.GT.180.) GO TO 130
IF (ABS(ARG-HEADNO).GT.EPS) GO To 130
KI-LH
O0 TO 140

*----------------------------------------------------- ----------------------- ---------------

PORT plane headings

120 IF (ARG.LE.180.) GO TO 130
ARC-ASS(ARG-360.)
IF (ABS(ARG-HEADNG).GT.EPS) GO TO 130
KH-LH
Go TO 140

130 CONTINUE I End loop over component headings

IF (KH.EQ.0) GO TO 180 1 Skip if not a component heading

*---------------------------------------------------------------------- m--- --------- --------

* This is one of the component headings

140 IHEADl
ARG-CHDNG(KH)

------------------------------------------------------------------------------------------

* Store 6 CO origin motion transfer functions

Vertical mode motions t Surge, Heave and Pitch

DO 150 J-1,3 I Loop over motions
JJ - (J-1)*2 + 1
DO 150 IW-1,NOMKGA I Loop over 30 wave frequencies
CTHP-bMOTV(J, IW)
IF (J .ZQ. 3) CTEKP CTEMP * RADDZO / UNTCONV
ORGTI(IW,KH,JJ)-CTZMP

iSo CONTINUE I End loop over motions and frequencies

* Lateral mode motions : Sway, Roll and Yaw

DO 170 J-1,3 I Loop over motions
3J - (J-1)*2 + 2
DO 170 IW-I,NOMHEA I Loop over 30 wave frequencies
CTZKP-(O.,O.) I Head or following seas
IF (IH.OT.1 .AND. IH.LT.13)

2 CALL TFKFIT (RLRAO,KRANO,RLANSMOTL,3, IWCTEMP)
11 (J .GT. 1) CTEMP - CTUMP * RADDIG / UNTCONV

Change polarity of lateral motions for port headings
IF (IMLANE EQ. 2) CTKMP - - CTEMP
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ORGTF(IW,KH,JJ)"CTEMP

170 CONTINUE I End loops over motion and frequency

180 CONTINUE I End loop over plan.

if (NMU .EQ. I .AND. IHEAD .EQ. 1) 00 TO 220

190 CONTINUE I End loop over 13 SHP headings

-----------------------------------------------------------
* Skip if this in the correct speed and heading

IF (ISPEED.EQ.1 .and. IHEAD.EQ.1) 00 TO 220

200 CONTINUE I End loop over ship speed

------------------------------ ------

210 WRITE ( -,1000)
WRITE (10,1000)

1000 FORMAT (' Did not find speed or heading. Program stopped.')
STOP

220 CONTINUE

RETURN
END

C DECK RLITER - Reads ROLL transfer functions for roll iteration

* 2/1S/89 9:10 am

8UBROUTINE RLITER (SPEED,NMU,B2,CHDNOSTATIS, WAVE,RADD3O,RLANS)

COMMON /BK2/ UNTCONV,VKMETR
COMMON /BK3/ MOTV,MOTL,HJV,HJL,H7,VERTFN,LATTFN,CTEMP
COMPLEX MOTV(3,30),MOTL(3,30,S),HJV(3,30),HJL(3,30),H7(30)
COMPLEX VERTFN(3,30,11),LATTFN(3,30,11),CTEZP
DIMENSION RLCALC(8),B2(11),ROLVAR(8,11),CHDNG(11),RLANG(S)
DIMENSION OMEGA(30),OMEGAE(30),SWAVE(30),R(30)
CHARACTER-4 TITLE (20)
REAL LPP, KG,KROLL, LCB
LOGICAL VRT,LAT, ADDRES
DATA ZPS /0.5/

----------------------------------------- w----------------------------
* Read header record

REWIND 11
READ (11) TITLE,NVK,NNMU,NOMEGA,OMEOA,NRANG,RLANG,VRT,LAT,

2 ADDRES,LPP,BEAM,DRAFT,DISPLM,0MDZLGMKG,KROLL,LCB,GRAV,RHO,
2 'AES, VKINC, DDLWL

GRAV G GRAV * UNTCONV
LPP * LIP UNTCONV
LCB - LCB * UNTCOKV
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DBLWL a DBLWL * UNTCONV

• WRITE ( *,2000)
• WRITE (10,2000)
*2000 FOR4AT (24X,' IH HEAD ARG IP K1'/)

ISPIED-0
IHEAD-0

DO 200 IV=1,NVK I Loop over ship speed

DO 190 IHul,NNMU I Loop over 13 SMP headings

READ (11) SHPSPD,HEADNG,OMEGAE
IF (VRT) READ (11) MOTV
IF (LAT) READ (11) MOTn
IF (ADDRES) READ (11) HJV,HJL,H7

*-----------------------------------------------------------------------

• Skip if not desired ship speed

IF (SHPSPD .GT. SPEED) GO TO 210
IF (ABS(SHPSPD-SPEED) .GT. EPS) GO TO 190
ISPEED-l

-----------------------------------------------------------------------------------------

• Loop over plane

IP - 1 - STBD plane headings
IP - 2 - PORT plane headi.ags

DO 180 IPul,2 I Loop over plane
IPLANEM-IP

*----------------------------------------------------------------- w -----------------------------

• Determine if this heading is one of the compozent headings

KH-0

DO 130 LHo1,NMU I Loop over component headings
ARO-CHDNG(LH)

00 TO (110,120),IP I Select p).ane (STBD or PORT)

----------------------------------------------------------

• STBD plane headings

110 IT (ARG.GT.180.) GO TO 130
IF (ABS(ARG-HIADNG).GT.EPS) GO TO 130
RH-LH

GO TO 140

*------------------------------ w------------------------------------
* PORT plane headings
120 IF (ARG.L.180.) GO TO 130

ARGA=BS(ARG-360.)
IF (ABS(ARG-HEADNG).GT.EPS) GO TO 130
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KH-LH
00 TO 140

130 CONTINUE I End loop over component headings

IF (KH.EQ.0) 00 TO 180 I Skip if not a component heading

* This is one of the 11 component headings

140 IHEAD-I
ARGuCHDNG (KH)

* WRITE( -,2010) IH,HEADNG,ARG,IP,XH
* WRITE(l0,2010) IH,HEADNO,ARG,IP,KH
"*2010 FORMAT (24X,IS,2F6.0,21S)

*----------------------------------------------------------------------------------------------

* Store longerested roll mean square values

DO 160 IA-1,NRANG I Loop over 8 mean roll angles

DO 1S0 IW-1,NOMEGA I Loop over 30 wave frequencies
CTEKP-(0.,0.) I Head or following seas
IF (IH.GT.l .AND. IH.LT.13) CTEMP-HOTL(2,IW,IA)
CTZMPeCTEMP/UNTCONV
R(ZW) - CASS(CTEMP)**2 * SWAVE(IW)

150 CONTINUE I End loop over wave frequencies

CALL ALGRNG (NOKEGAOMEGA, R, ROLVAR( IA, KH))

160 CONTINUE I End loop over mean roll angles

180 CONTINUE I End loop over plane

IF (NfU .EQ. 1 .AND. IHEAD .EQ. 1) GO TO 220

190 CONTINUE I End loop over 13 SHP headings

*----------------------------------------------------------------------------------------------

Skip if this is the correct speed and heading

IF (ISPZED.tQ.1 .and. INRAD.3Q.1) GO TO 220

200 CONTINUE I End loop over ship speed

*---------------------------------------------------------------------

210 WRITE ( *,1000)
WRITE (10,1000)

1000 FORMAT (I Did not find speed or heading. Program stopped.,)
STOP

*-----------------------------------------------------------------------------------------------

* Roll Iteration
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220 Do 240 IA-1,NRANG I Loop aver 8 mean roll angles

RLCALC(IA) - 0

DO 230 IH=1,NMU I Loop over component headings
RLCALC(IA) a RLCALC(IA) + 32(IH)**2 * ROLVAR(IA,IH)

230 CONTINUE I End loop over component headings

RLCALC(IA) - STATIS * SQRT(RLCALC(IA)) * RAYMlEG

240 CONTINUE I End loop over mean roll angles

CALL RLITR (RLANG, BRAN , RLCALC, RLANS)

IT~ (RLANS.ZQ.0.) STOP

RETURN
IND

C DECK RLITR - Performs roll iteration
* 3/31/S8 8z40 am

SUBROUTINE RLITR (RLANG, NRANG, RLCALCRLANS)

DIMENSION RLANO(S),RLCALC(8),DIFF(8),ELH(4,8)

DO 10 lA=1,NRANO I Loop over 8 mean roll angles
DIF?(IA) - RLANG(IA) - RLCRLC(IA)

10 CONTINUE

10 - 0.
IF (X0 .GE. DIFF(1)) G0 TO 20
RLANS - RLCALC(1)
00 TO 40

20 IF (X0 .11. DIVV(NRANG)) GO TO 30
RLAZES - RLCALC(NRANG)
GO TO 40

30 CALL UPFIT (DIFF,RLANG,3L14,NRANG)
CALL BPLVAL (DIVJ,NRAMG,ELH, 0.,RLANS,DUM, ZELN)

40 CONTINUE

RETURN
END

C DECK BCTN - Computes longcreated/shortcreated time histories
* 8/31/89 11:10 am

SUBROUTINE SCTH

*Compute shertcreated/longerested time histories for
* wave height and the 6 DO? motions,
* surge, sway, heave, roll, pitch, and yaw,
* at one speed, one predominant heading,

* (identified by significant wave height and modal wave period)

DOWNEO DUJOE,US,CS,IvS,Ivu8,PAOE,ECS,3ELL,DISP,
2 CLR,YS,NS,N,Sampl~erate,Dt,Runnumber,Vaveheight,Heading,
2 TrialS, Datel,TimeS,LooationS, Personnell,
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2 tlameS,Faetor(32) ,UnitsS,
2 CaunentsS,Count,B,Plini~t,Nlimit,Nparani,
2 ResultU(32,4) ,Dindx(32,2) ,FIB,SMPDATAS,STHDATAS,DATAS#
2 SHIPTYPS, SHIPS,VARIANTS,CYCLES, LSHIP,LDATAS,LSTHDATA,LSMPDATA
CHARACTUROS0 18, SMPDATAS,STHDATh8,DATAS
CHARACTER'S SHIPTYPS, SHIPS
CHARACTER VARIANTS' 1, CYCLES'2
INTEGER Dindx
COMMION /DTITL/ OtitleS
CHARACTER'72 DtitleS
COMMON /SKI/ SC3RMS(1O),NMAX
COM9ON / BK2 / UNTCONV, VKMETR
COMMON /SINCOS/ 8I(Os3600),CO(0:3600),XJTX,RDX,DRX,X2PI
COMMON /EMA/ ZIC,ESPEED,ZHEAD,3SIGWHITMODAL,STATIS,

2 ESTART,EEND,NW,NMU,CHDNG(Il),B2(12),WE(150,11),
2 COEFR(16S00) ,COEFI(16500)
CHARACTER64 US,CS,IvS,IvuS,Option8,AS,UPCS
CHARACTER YS,NS,ECS,DKLL,DISP'B,PAGE-2,CLR-2
CHARACTER'1S Dat.S,TimeS,NameS(32),UnitsS(32)
CHARACTER*40 TrialS,LocationS, Personno1S,ConwnentsS
INTEGER TT,XS,XEIXL
INTEGER*4 JA
REAL Min(32),Max(32),Mean
DOUBLE PRECISION Temp,ARG,Sum(32) ,Sumsqr(32)
DIMENSION THSC(10) ,THLC(1O)
DATA EPS/O.OO1/

ASu'CLS'

*-----------------------------------------------------------------------

* Initialize analysis arrays

DO 10 1-1,N
Max(l)-(-32767)
Min(I)=(32767)
Swm(I)inO
Swmsqr(I)uO

10 CONTINUE

----------------------------------------------------- w--------------------------- -----------

Define variables f or start and end times

TSTARTuESTART
TEND-BEND
TLRUN=TEND-TSTART
XmsTSTART'Samplerate+ 1
Xe=TUND'Samplorato+l
X1.TLRUN'Samplarate41
IF (Xs.LE.O) Xsel
X*-Xs+X1-1
TSTARTu(Xs-1. )'DT
TENDu(Xe-1. )*DT
ESTARTnTSTART
ZEND-TEND

-- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
* open binary data file of time histories

FIB - STUDATAS(1:LSTKDATA)//'\//DATAS(lZLDATAS)// .DAT'
OPEN (12,FILE-FIB,FORHM.UNFORMATTED' ,STATUS-'UNKNOWNP)
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ICOUNT-COUNT I no. of samples in run
WRITE (12) ICOUNT,N

WRITE ( *,2000) (NameS(I),I-l,7),(UnitsS(I),I-1,7)
WRITE (10,2000) (NameS(I),I-1,7),(UniteS(I),I-1,7)

2000 FORMAT (///l1X,I*IRST 20 SECONDS OF WAVE HEIGHT AND 6DOF TIME
2 'HISTORIES'//SX, TIMtE',4X,AS,lX,A8,2X,2A8,2X,2A8,3X,AS/
2 6X, 'SEC,SX,A6,3X,A6,3X,A6,3X,A6,4X,A6,2X,A6,4X,A6/)

TCLR-30 I DELTA TIME IN SECONDS WITHIN THE RUN TO CLEAR SCREEN
ICLR-TCLR*Samplerate÷l

* Compute time histories as a function of time, heading,
* frequency and channel

----------------------------------------------------------------------------
IT-0
DO 700 TT-Xs,Xe I Loop over time

TIM - (TT-l.)*DT
TDIVF-TIM-TSTART
IT-IT+1
Count-IT

DO 20 Mnl,N I Initialize THSC to zero for current time
THSC(M) a 0.

20 CONTINUE

DO 600 IH-l,NMU I Loop over component headings for

* shortcrested/longcrested seas

NAB - (IH-i) * NW * WHAX

DO 30 M-1,N I Initialize TALC to zero for current time
THLC(M)-0.

30 CONTINUE

*----------------------------------------------------------------------------------------------

DO SO0 IN1,NW I Loop over frequency

NWB - (I-1) * NHAX + NKB

Compute sine and cosine for current time
ARC - WE(I,IH)*TIM
ARC - AKOD(ARO,X2PI)

JA a ARC * RDX + 0.5
5P - SI(JA) I Obtain sine from lookup table
CP - CO(JA) I Obtain cosine from lookup table

DO 400 M-l,N I Loop over channel
L - M + NWB
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* Compute component heading time history for channel m
THLC(M) - THLC(M) + COEFR(L)*CP - COEFI(L)*SP

400 CONTINUE I End channel loop

500 CONTINUE I End frequency loop

Compute shortcrested time histories
DO 40 M-l,N I Loop over channels
THSC(M) - THSC(M) + B2(IH)*THLC(M)

40 CONTINUE

600 CONTINUE I End loop over component headings

* Print shortcrested time histories for all channels
IT (TDIFF .LE. 20.) WRITE ( *,2010) TIM,(THSC(M),M-1,7)
IF (TDIFF .LE. 20.) WRITE (10,2010) TIM,(THSC(M),M-1,7)

2010 FORMAT (F9.2,7F9.3)

IT (IT .SQ. ICLR) CALL SYSTEM (AS) I Clear screen

Write shortcrested time histories to file
WRITE (12) (THSC(M),M-1,N)

DO S0 M-l,N I Perform minimum analysis over channel
Temp - THSC(M)
Sum(M) - Sum(M) + Temp
Sumsqr(M) a Sumsqr(M) + Temp*Temp
IF (Temp .GT. Max(M)) Max(M) - Tamp
IF (Tamp .LT. Min(M)) Min(M) a Tamp

SO CONTINUE

700 CONTINUE I End loop over time

CLOSE (12)

Compute mean and standard deviation and store in results array
DO 90 M-1,N
AMw - (Sumsqr(M) - Sum(M)'Sum(M)/Count)
IF (ARC .GT. 0.) GO TO 80
WRITE ( *,'"10) M,ARO
WRITE (10,1010) M,AR

1010 FORMAT(-SQRT OF A NEG. NUMBER. M=1,13,' ARM-',FlO.3)
"AR 0

80 Stddev - DSQRT(ARG/(Count-l))
Mean - Sum(M)/Count
ResultS(M,l) - Mean
Results(M,2) - Stddev
Results(M,3) - Max(M)
Results(M,4) - Min(M)

90 CONTINUE

RETURN
END
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C DECK SLENTI - Returns location of last non-blank character in a string

3/31/8B 8t45 am

SUBROUTINE SLENTH (AS,K)

CHARACTER* (-) AS
L-LEN(AS)
K-L+1
DO 10 M=i,L
K=K-1
If (AS(KtK).NE.CHAR(32)) GO TO 20 1 Test for trailing blanks

10 CONTINUE
20 CONTINUE

RETURN
END

C DECK SPFIT - Cubic non-parametric spline fit for real data

• 3/31/88 8tSO am

SUBROUTINE SPFIT (X, Y, ELEMS, NPTS)

S NPIT CREATED FROM SPLINE E N HUBBLE JUNE 19
* FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS

I TO SET OF REAL DATA POINTS

"" INPUTS
* = - ARRAY OF REAL INDEPENDENT VARIABLES
* Y - ARRAY OF REAL DEPENDENT VARIABLES

NPTS - NUMBER OF (XY) DATA POINTS
* RETURN

S rLIMS - ARRAY OF (NPTS-1) SEGMENTS IN FOLLOWING FORM
S( Y(I), D(I), Y(I+2), D(I+1) ) , WHERE

* D - ARRAY OF SECOND DERIVATIVES AT DATA POINTS

* ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG.
* D ARRAY IS THE RIGHT HAND SIDE OF MATRIX EQUATION
O SECOND DZRIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION
* SOLUTION TECHNIQUE IS GAUSSIAN ELIMINATION
• BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMON/IO/ICARD, IPRIN, POTFIL, COFFIL,RAOFIL, RMSFIL,ORGFIL, SPCFIL,
2 ISCARD, BLKFIL, SCRIL, SPLYIL, LCOFIL, LRAFIL, SEVYIL

INTEGER ICARD, IPRIN, POTFIL,COVFIL,RAOFIL, RMSFIL,ORGFIL, SPCFIL,
2 ISCARD, BLXrIL,SCRFIL,SPLFIL,LCOFIL,LRAFIL, SEVFIL

DIMENSION X(NPTS),Y(NPTS),ELEMS(4,NPTS)
DIMENSION A(100), S(100), C(100), D(100)
N - NPTS
NLi N - 1
NL2 - N - 2
DO 50 1-2,N

IF (X(I) .GT. X(I-1)) GO TO 50
WRITE ( *,888) X(I-1),X(I)
WRITE (10,888) X(I-1),X(I)
00 TO 68688

SO CONTINUE
IT (N .LE. 100) GO TO 100

WRITE ( *,999)
WRITE (10,999)
N a 100

100 CONTINUE
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IF (N QGT. 2) 00 TO 125S
D(1) - 0.0
D(2) - 0.0
00 TO 375

125 CONTINUE
IF (N .GT. 3) 00 TO 150

YOD 2.*((X(3)-X(2))*Y(1)+(X(2)-Xii))OY(3)-(X(3)-X(1))*Y(2))
/((X(3)-X(2))*(X(2)-X(l))P(X(3)-X(1)))

D(1) YOD
D(2) -YOD
D(3) *YOD
00 TO 375

150 CONTINUE
DO 200 1-1,N

A(l) - 0.0
B(I) - 0.0
C(I) - 0.0
D(I) a 0.0

200 CONTINVE
* SET UP HATRICES(A TRIDIAGONAL STRUCTURE)

A(l) * (X(3)-X(2))/(X(3)-X(l))
C(1) - 2.0
B(l) w 1.0 - A(l)
D(l) a 6.0'((Y(3)-Y(2))/(X(3)-X(2))-(Y(2)-Y(l))f
1 (X(2)-X(l)))/(X(3)-X(1))
H - X(3) - X(2)
DO 250 lm3,NL1

HP - X(I1+) - X(I)
C(I) - HP /(ff4111)
B(I) - 2.0

D(I) - 6.0*((Y(I+1)-Y(I))/HP-(Y(I)-Y(I-1))/H)/(HP+H)
H a HP

250 CONTINUE
*SET BOUNDARY CONDITIONS

C(2) * (X(2)-X(1))/(X(3)-X(2))
A(2) a 1.0
3(2) - -2.0-C(2)
D(2) a 0.0
C(2) a -A(2)*A(1)/8(1) + C(2)
C(N) w (X(N)-X(N-1))/(X(N-1)-X(N-2))
A(N) w -1.0 - C(H)
3(3) a 1.0
D(N) - 0.0

* SOLVE EQUATIONS
II - 1
D0 300 I-1,NL2

Il I + 1
12 1 + 2
AUG11 - ABS (B(I))
IT (AUG11 AT. 2.OE-06) G0 TO 275

CONET - A(11) / (I)
3(11) - 3(11) -CONST*C(I)

D(12) a D(12) -CONST'D(I)

IF (I .MR. NL2) GO TO 300
A(N) - A(N) - C(N)*C(Z) B (l)
D(N) a 0(3) - C(N)*D(I) / (I)
00 TO 300

275 CONTINUE
11 * I + 1
D(I) D (I) / C(I)
0(11) - (11) - 8(11)'D(I)
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B(12) a A(11)
A(Il) - 0.0
D(12) a D(12) - A(12)*D(I)
A(12) - 0.0

17 (1 .M. NL2) GO TO 300
A(M) - C(N)

300 CONTINUE
DIT - 3(NL.)*S(N) - C(NL1)*A(N)
STORE - D()
0(K) - (B(NLI)*D(N) - D(NL1)*A(N)) / DIT
D(NLI) - (D(NLI)*B(N) - C(NL1)*STORE) / DIT
IP a0
DO 350 I=2,NL2

J N - I
IF (JI .3Q. IP) Go TO 350
IF (JI EQ. 11) GO TO 325

D(JI) w (D(JI)-C(JI)*D(JI+1))/3(JI)
00 TO 350

325 CONTINUE
IP " JI-1
STORE - D(JI)
D(JI) a D(IP)
D(IP) a (STORE - C(IP)*D(JI+))/B(IP)

350 CONTINUE
D(1) - (D(1) - A(I)*D(3) - C(1)"D(2)) / B(1)

* SET UP SPLINE SEGMENTS
375 CONTINUE

DO 400 =l2,NLI
11 - I + 1

ZLZMS(1,I) - Y(I)
ELEMS(2,I) - D(I)
ELEMS(3,I) " Y(I1)
ELEMS(4,I) - D(I1)

400 CONTINUE
99999 CONTINUE

RETURN
88888 CONTINUE

STOP
888 FORMAT ('0 SPFIT -- X VALUES NOT ASCENDING', 2316.8)
999 FORMAT ('0 SPlIT -- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')

END

C DECK 5PLVAL • - Evaluates a real non-parametric spline

* 3/31/88 8:50 am

SUBROUTINE SPLVAL (X, NPTS, ELEMS, X0, YO, S0, 1ZL4)

* SPLVAL CREATED FROM SPLFlT
* EVALUATES A REAL NON-PARAKETRIC SPLINE

* INPUTS
* 0 " ARRAY OF INDEPENDENT VARIABLES
* -1TS - NUMBER OF VALUES IN X-ARRAY
* SLIMS - SPLINE SEGMENTS GENERATE1) BY SPFIT
* NO a X-VALUE AT WHICH SPLINE IS TO 3E EVALUATED
* RETURNS
* YO - F(XO) - Y-VALUE EVALUATED AT X0
* so - SECOND DERIVATIVE EVALUATED AT XO
* -3141 - INDEX OF SPLINE SEGMENT CONTAINING X0

CO¢OONW/IO/ICARD, IPRIN,POTFIL,COFFIL,RAOFIL,RMSFIL,ORGFIL, SPCFIL,
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2 ISCAM, SLXFIL,SCRFIL, SPLIIL,LcOFILLRAFIL, SEYIL
INTSORR ICAD, IPRIN,POTFIL,COFFIL,RAOFIL.RKI4FIL,ORGFPIL,8PCFlL,
2 !SCAAD,BLKFI, 8CRFlL,BPLFlL,LCOIIL,LRAFIL,SEVFIL
DIMENSION X(NII!8) ,ZLEN(4,NPTS)
N - NUTS
It (XO.GZ.X(1) -AND. X0.LZ.X(N)) 0O TO 100

WRITS ( ',999) XO
WRITE (10,999) XO
GO TO 99999

100 CONTINUJE
* DO 200 1-2,N

It (XO .OT. X(I)) 00 TO 200
G0 TO 300

200 CONTINUE
*300 CONTINUE

I - I- I
XX a X(I+1) - X(I)
X1 a XO - X(I)
X2 - X(1+2) - XO
XX6 XX * XX / 6.0
Ti - ELZKS(1,I)
Y2 - BLINS(3,X)
81 - BLEI4S(2,I)
52 - ELENS(4,I)
YO - (SI* X2*3 + S2 X* X*3) /(6.0 'XX) +

((Y - Sl*XXG) 'X2 + (Y2 52*XX6) * XI /XX
80 = (Si * X2 + 82 *'XI) / XX
ISKM - I
RETURN

99999 CONTINUE
STOP

999 FORMAT ('0 SULVAL -- EXTRAPOLATION NOT ALLOWED. XO -', 316.8)
END

C DECK TFNFIT - Fits lateral transfer functions for non-linear roll answer
3/31/88 8:50 am

SUBROUTINE TFNFIT (RLANG,NRANO,RLANqS,NOTL,JK, IW,CTFN)

DIMENSION ALAMO(S)
COMPLEX NOT(3,30,8),CANS(8),CELN(4,S),CTFNCDWI

IF (RLANS Gz. RLANG(l)) 0O TO 10
CTFN a NOTL(J14,IW,1)
GO TO 40

10 IF (RLANI .LZ. RLNG(NRANG)) 0O To 20
CTFN a )IOTL(JNIW,NRANG)
GO TO 40

20 DO 30 IAw1,NRANG I Loop over 8 mean roll angles
CAN5(IA) a NOTL(314,IW,IA)

30 CONTINUE

CALL CPF!? (RLANG,CANS,CELM,NRANG)
CALL CPLVAL (RLANG,NRANG, CELK, ALANS, 011, CDW4, IELI)

40 CONTINUE

NOD
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C DECS TRiM Transfer function subrOuatLne

8 /31/89 11110 am

BSUROUTINE TRYM

COMMON DUIO(YUS,CS,IvSZVUS,PAO3,ECS,3EL,D!SP,
2 CLR,YS.NS,N,SamplerateDt,Rumwumber,Waveheight,Heading,
2 TriLS1,DateS, TimeS,LocationS,Personnelg,
2 NameS,Factor(32) ,Unit*S,
2 Cc me ntsS,Oount,3,Plimit.NLmit,Nparam,
2 Resulte(32,4),Dindx(32,2),FIS,SMPDATM,STiIDATAS,DATAS,
2 SHIPTYPS, SHIPS,*VARIANTS, CYCLES ,LSHIP. LDATA8, LITHDATA, LSI4PDATA
CHARACTER' 0 718 ,SMPDATAS,STHDATAS ,DATAS
CHKRACTER*S SHIPTPS, SHIPS
CHARACTER VARIANTS*1 ,CYCLES'2
INTEGER Dindx
COMMON /DTITL/ Dt~tieS
CHARACTBR'72 Dtitlel
COMMON /311/ SCIMS(10),NMXh
COMMON /312 / UNTCONV, VKHETR
COMMON /EMA/ hIC,ESPEED,EHEAD,ESIOWH,NTM4ODAL,STATIS,

2 ESTART,BEND,NWW,NxU,C3IDNo(11),B2(11),wz(1SO,11),
2 COEFR(10,lSO,11),COOEI(10,150,11)
COMMON /WAV3PNT/ NWPOINT, WPNTXLOC ,WPNTYLOCWPNTZWOC, WPNTNANZS,

2 WAVEILOC, WAVEYLOC, WAVE ZLOC
DIMENSION WPNTXLOC( 3),WPNTYLOC(3) ,WPNTZLOC( 3) ,WAVEXLOC(3),

2 WAVZYLOC(3) ,WAVUZLOC(3)
CHARACTER WPNTMAMZS (3) *20

CNARACTER'4 US,CS,IvS,IvuS,OptionS,AS,UPCS
CHARACTER YS,NS,ECS,BELLD1SP'S,PAOE'*2,CLR*2
CHARACTER*28 DateSTims,Nam*S(32) ,UnitsS(32)
CHARACTER*4O TrialS,LocationS,PersonnelS,CounentuS
COMMON /9K3/ MOTV,HOTL,HJV,HJL,E7 ,ORGTI,CTEMP
COMPLEX MOTV(3,30),MOTL(3,30,8),HJV(3,30),HJL(3,30),H7(30)
COMPLEX OROT1(30,11,G),CTEMP
DIMENSION W(250),TR(150),TX(15O),S(150),RX(1SO),RANDP(150),

2 RANDW(10),CIGO(30),TVR(30),T?1(30),R(30),SWVBv(30)
DIMENSION RLANO(S)
CHARACTER*4 TITLE(20)
REAL LPP, KG, IROLL, LOB
LOGICAL VRT, LAT, ADDANS
REAL KU
CHARACTER FILZC*64,STRING*2S6
DATA EPS /0.5/

PI - 3.1415927
12PI a 2*P1
RD a PII 160
RADDIG 180 / PI
ZOeI2C
Nw-N"
810WHoZSXGWH
TMODAL-ETMODAL
SHPSPDUESPEED
HDPGw100-EHEBAD i Convert SKi output heading reference to

I internal heading references (180 dog diff)

---------------------------------------------------------------------eeeeeeeeeeeeeeeeeeeeeeeeee

* open fil, of origin motion transfer functions from SMi
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118 a SNPDATAS(liLSKPDATA)//'\'//
2 SHIPS(1:L8HIP)//VARIANTB(l:1)//'.ORO'
OlIN (11,P lL-1Z8,10R14-'NFORI4AT'flD',STATU8-'OW'*)

* Read header record
RIAD (11) TITLIt,N'JK,NN0W,NON3OA,ONG, NRANG,RLANO, VRT,LAT,

2 ADDRIS.LPP,33A),DRAFTDI8PLM,OK,DILOMKO,KROLL,LCI,ORAV,RHO,
2 VKDIS ,VKINC, D3LWL

ORAV a GCMV * UNTCONV
LPP - LPP * UNTOONV
LCB - LCB * UNTCONV
DILWL a DBLWL * UNTCONV

* Compute 150 wave frequencies

OW - (OMO(NOHIGA)-OKO(1)) / (NW-i)
W1 a 0110(1)
DO 10 1WUi NW I Loop over 1S0 frequencies
11(IW) - WI + (IW-1)'DW

10 CONTINVE

* ~Compute 2 parameter BRBTSCMnUIDER wave spectra
* for 150 wave frequencies

CALL ORWVSP(NW,SIGWH,TI'ODALW,S)
DO 20 IWml,NW I Compute wave anplitudes
RK(IW) - SQRT(2*5(IW)'DW)

20 CONTINUS

* Store component headings

IF (IC ZQ. 1) SHRAD-HDNG.15. I Longerested sea@
IF (IC .3Q. 2) SHZAD-HDNG+90. I Shorterested seas

DO 30 IK-1,NNU I 'Loop over component headings
APA a BREAD - IH'15.
IT (ARC .LT. 0.) ARM - ARC + 360.
CUDNG(IN) - AMC

30 CONTINU

* Compute weighting constants as a function of component headings

82(1)si. £ Longerested weighting constant
IF (IC.BQ.1) 00 TO S0

* Shorterested weighting constants for 11 component headings

1I0312-PX/12
D0 40 K-1,6
& (K-i) *PION12
CA-COS (A)
CON-CA'CA/6
SQC~o$.QR?(CON)
LinK+5
322(L)-SQCON
IF (LZXQ.i) GO To 40
L-7-K
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32(L) SQCON
40 CONTINUE

* Compute 2 parameter BR3TSC•INfDER wave spectra
* for 30 wave frequencies

50 CALL BRWVSP(NONEGASSIGWHThODALOMG4tWAVE)

Perform roll iteration for specified seaway
CALL RLITER (SHPSPDNHUB2,CHDNGSTATISSWAVERADDEG,RLANS)

Store origin motion transfer functions
CALL ORGTN (SHPSPD,NMU,CHDNGRLANSRADDEO)

*------------------------------------------------------------------------------------------------

* Compute standard deviation (N4S) for wave height and
* 6 DO? motions in frequency domain

DO 80 JC-l,N I Loop over channel
JCI-JC-1
SCRKS(JC)-0

DO 70 1H-1,NNU I Loop over component headings
DO 60 IW-l,NOHEGA I Loop over wave frequency

IF (JC.EQ.l) THEN
TFAMPl I Wave height at Origin

ELSE!F (JC.GE.2 .AND. JC.LZ.7) THEN
TFHJP=CABS(ORGTF(!W,IH,JCI)) 1 6 DOF motions

ELSE
TFXP=I I Wave height at a point

END!F

R(IW)=TFAP**2 * SWAVE(IW) * B2(IH)**2
60 CONTINUE I End loop over frequency

* Compute variance values of wave height and 6DO motions
* for component headings

CALL ALGRNG(NOIEGAOMGRAREA)
SCRNS(JC)nSCRNS(JC)+ARZA

70 CONTINUE I End loop over headings

* Compute standard deviation (RiS) values for
* wave height and 6DOF motions

SCRKS(JC)-SQRT(ABS(SCRHS(JC)))

80 CONTINUE I End loop over channel

DO 200 !Hwl,NMU I Loop over component headings

ARG-CHDNG(IH)
IPLAMNEl
IF (ARb.LT.O. .OR. ARG.OT.180.) IPLAN-2
MARn - (AMG/1s + 1)
IF (MPLANE *3Q. 2) ARG - ABS(ARG - 360.)
NU - ABS(ARG) * AD I Component heading angle in radians
COSH)i a COS(MU)
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SIN3PU - SIN(MU)

-- - - m -- -m- - - -- - - - - - - -- --- --- -

* Get random numbers as a function of
* , heading, phase and frequency

select seed for random number generator for each heading
830D a MARC + 2000
XIRANDS(SEBD)

Save random numbers for phase angles
DO 100 IW=1,NW I Loop over 150 frequencies
PAMP(IW) - RO()

100 CONTINUE

---------------------------------------------------- m -------------------
* Determine if it is necessary to adjust frequencies randomly
* ( beam seas or ship speed - zero knots )

NFLAO - 0 1 Don't adjust frequencies randomly
IF (ARG.EQ.90. .OR. ARG.EQ.270.

2 .OR. ARG.EQ.-90. .OR. SHPSPD.EQ.0.)
2 NFLAO - 1 1 Adjust frequencies randomly

IF (NFLAG.ZQ.0) GO TO 130

Select seed for random number generator for frequencies
£M aD NARO + 3000
XIRANDS(SEED)

Save random numbers for frequencies
DO 120 IZ=I,NIW I Loop over 150 frequencies
RANDW(IW) - ND()

120 CONTINUE

130 CONTINUZ

----------------------------------------------------------------------------------------------------

• Compute 150 encounter frequencies

AL - VKUETR * SHPSPD * COSNU / GRAV
DO 140 IW=1,NW I Loop over 150 frequencies

M 3(IW,IH) - ABS(W(IW)-(1.-AL-W(IW)))

Encounter frequencies below 0.05 rad/sec are not allowed
IF (ZEW(IV,IH) .LT. 0.05) EW1(IW,IH) a O.OS

ZIP (IFLAG .ZQ. 0) GO TO 140

Adjust frequencies randomly (beam seas and/or zero ship speed)

DELTA - 0.99*DW/2.
NBC a EWZ(IW,NH)
WVL a WEC - DELTA
RAND a RANDW(IW)
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MW3(IWIH) - WEL + RAND*2.*DELTA

140 CONTINUE I End loop over frequency

* Interpolate transfer functions for 150 frequencies

DO 170 JC-u,N I Loop over channel
,Cl - JC - 1
JC7 a JC - 7

DO 150 IW-l,NOMEGA I Loop over 30 wave frequencies

IF (JC .EQ. 1) THEN
Wave height transfer function at Origin location

TFR(IW) - I I Transfer function real part
TFI(IW) - 0 1 Transfer function imaginary part

ELSEIF (JC.GE.2 .AND. JC.LE.7) THEN
6 DOF motion transfer functions at Origin location

TFR(IW) - REAL(ORGTF(IW,IHJC1)) I Transfer function real part
TFI(IW) a AIMAG(ORGTF(IW,IH,JCI)) I Transfer function imaginary part

ELSE
Wave height transfer function at other point locations

XX - SMG(IW)**2 / GRAV I Compute wave number, K
TFAMPL - I I Transfer function amplitude
XBAR - WAVEXLOC(JC7) I X location referenced to LCO
YBAR a WAVEYLOC(JC7) I Y location referenced to LCG
PHS - - XK * (XSAR*COSMU + YBAR*SINMU)
TFPHS - PHS I Transfer function phase in

radians
TFR(IW) - TFAMPL * COS(TFPHS) I Transfer function real part
TFI(IW) - TFAMPL * SIN(TFPHS) I Transfer function imaginary part

Z3DIF

IS0 CONTINUE I End loop over 30 frequencies

CALL INTRPL (NOHEOA,OMG,TFR,NW,W,TR)
CALL INTRPL (NOMEGA,OMG,TFI,NW,W,TI)

DO 160 IWw-,NW I Loop over 150 wave frequencies
ARGI a TR(IW)
ARM2 - TI(IW)
AMP a SQRT(ARGI*ARGI + AR02*AR02)
PHS u ATAN2D(AR02,ARGI,RADDEG)
COEFR(JC,IW,IH) - AMP
COZFI(JC,IW,IH) - PHS

160 CONTINUE I End loop over 150 frequencies

170 CONTINUE I End loop over channel

-----------------------------------------------------------------------------

* Scale transfer functions by wave spectral amplitudes

DO 280 IW=I,NW I Loop over 150 frequencies
DO 180 JCul,N I Loop over channel
COZFR(JC, IW, IH)mRK(IW)*COEfR(JC, IW, 1H)
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180 CONTINUE I End loops over channel and frequency

*---------------------------------------------------------------------------
* Add transfer function phase angles and save final transfer
* functions in real and imaginary form

DO 190 IW-1,NW I Loop over 150 frequencies
RPH - X2PI*RANDP(IW)
DO 190 JC-1,N I Loop over channel
AMP a COEFR(JCIW,IH)
PHI - RPH + COhFI(JC,IW, IH)*RD
COEFR(JC,IW, IH) - AMP*COS(PHS)
COEFI(JC,IW,IH) = AHP*SIN(PHS)

190 CONTINUE I End loops over channel and frequency

200 CONTINUE I End loop over component headings

CLOSE (11)

RETURN
END

C DECK UCASE - Converts strings to uppercase
* 4/16/88 11:20 pm

SUBROUTINE UCASE (AS,L)

CHARACTER*(*) AS
CHARACTER*I LC(26),UC(26)
DATA LC /'a', b' ,'c ,'d',le°, fl, g', hl, L, j', k ,'lf, ml,

2 no,'po ,'qt, 'r,'s','ttt,'u','vwt,'xt,'y°,tz'/
DATA UC /A ,,'C', D',E,'F.,°G ,'1','!', J , K ,°L ,'M ,2 'N','O,P'P,'Q,'R','S', '•,'U,'V,W','X','¥,'Z'/

DO 20 I-iL
DO 10 J=2,26
IF (AS(ItI) .M. LC(J)) GO TO 10
AS(ItI) UC(J)
GO TO 20

10 CONTINUE
20 CONTINUE

RETURN
END

C PROGRAM END

I

103



THIS PAGE INTENTIONALLY LEFT BLANK

104



APPENDIX B

LISTING OF ACTH PROGRAM
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C DICK ACTH - ACCESS program for 8TH time histories, ACTH

9/3/89 9:00 pm

PROORRHAMCTH

*

* I ACTH Main Program I

C SUBLIST

---------------------------------------

* List of subroutines

* no. name type description
*

-

* I ACTHRESP subroutine ACTH ship responses
* 2 ATAN2D function Arctangent function in degrees for
* 3 CHKPNT subroutine Checks STH point locations against
* ACTH point locations
* FL4NTH subroutine Finds location of first non-blank
* character in a string
* RDACTHINP subroutine Reads ACTH input file
*

*

* 6 RDSTHTEXT subroutine Reads STH text file
* 7 SLENTH subroutine Returns location of last non-blank
* character in a string
* 8 UCAS2 subroutine Converts strings to uppercase
• 9 WRACTHLOG subroutine Write ACTHLOG text file
• 10 WRACTHTEXT subroutine Write ACTH text file
*

--------------------------------------------------------

* SHIP RESPONSE
• POINT SYSTEM No NAME

0 EARTH 1-6 - Origin Motions (Surge, Sway, Heave,
• Roll, Pitch, Yaw)
* 7 - Wave height at the Origin location

>0 EARTH 1-3 - Motions at a point (Longitudinal,
* Lateral, Vertical)
• 4 - Relative motion at a point
• 7 - Wave height at a point

31.0 SHIP 1-3 - Forces at a point (Longitudinal,
Lateral, Vertical)

Ship response velocities and accelerations are obtained by
selecting the TYPE variable w 2 (vel.), a 3 (acc.). Note
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TYP -w -1 (diupi.)
-- - - - - - - - - - - - - - - - - - - - - - --*- - - - - - - - - - - - -

* Equations for Motions at a Point
-- - - - - - - - - -- - - - - - - - --- - - - - - - - - - - - - - - - - - -

* EWONG - surge - ybar'sin(yaw) + zbar'iin(pitch)
* + xbar*(003(yaw)+cos(pitch)-2j

* SLATE - sway - abar'sin(roll) + xbar'sin(yaw)
* + ybar*(cos(roll)+cos(yaw)-2)

* EVER? - heave - xbar'sin(pitch) + ybar'sin(roll)
*~ * bar*(cos(pitch)4cos(rcll)-

23

*The Forces in the Ship system in the X, Y, and Z directions are

* SLONO - (-surgacc) * (cos(yaw)*cos(pitch))

* + (-swayocc) * (sln(yaw)*cos(pitch)j

+ [(-heovacc) - 11 * (-sin(pitch))

*SLATE - (-surgacc) - (cos(yaw)*sifl(pitch)sifl(roll) - sin(yaw)*con(rall)J

* + (-swayaee) - (cos(yaw)*cox(roll) + sin(yaw)*sin(pitch)*sIa(roll))

* + ((-heavacc) - 1) * (cos(pitch)*sin(roll)J

* VER? - (-surgacc) * (sin(yaw)*sifl(roll) + cos(yaw)*sin(pitch)*co&(rcll)J

* + (-swayacc) * (sin(yaw)*sfln(pitch)*cos(roll) - cos(yaw)'Iin(rall)1

* + (-heavacc) - 11 * (cos(pitch)oc05(roll)J

* where surgacc, swayacc, and heavacc are the Earth system translational
* accelerations in the x, y, and z directions and l1 is the acceleration
* of gravity.

C DIMENSIONS

00140 /BLKO/ 7! ,DEGRAD, RADDEG, 340714 D AVENTS, ORONAMES,
2 EPTIAIIES ,SPTNAHZS, CHTYPES, CHUM ITS, CHSYSTMS
CHARACTR MONTIIS(12)*3,WAVEHTP*12,ORONANES(6)122
CHARACTER XPTNANES(7 )*12,SPTNAHES(7 ) 12
CHARACTER CHTXPES(5)13,CHUWXTS(7)*6,CHSYST)IS(2)*5

COM0MON /BLK1/ AS,r718,STHDATAS, LSTHDATA, SHUN, KSRUW, LSRUNl,

2 SHIPTYPS,TRIALS,LTRIAL,SHJP5,LSHIP,VARIAMTS,CYCLS, SUNITS,
2 LSUNIT,COOIMNTS

CHAPACTER*80 AS, 715, STUDATAS
CHARACTER SRUN*6,SHIPTYPS.8,TRIALS*4O,SUNITS'

6 ,COMMZNTS*4O
CHARACTER 51117*5'
CHtARATR VARIANTS-*1, CYCLES.2
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COMMONK /BLK2 / STHRTINDCNT, COUNT,*NSTHCHAK ,GRAV, LPP,LCG, DILWL,
2 SRATE,DT, TSTART, TITOP, TRUN, WAVEN8T, SURGE *SWAY, HEAVEC,ROLLD PITCH,
2 YAW, 8THDATA, WAVENTP, SKPSPD, HDNG, SEATYPS, SIGWH,TMODAL, STATIS,
2 STHCHN,STHUNT, STHSTDASCII

INTEGER CUT, COUNIRIASCII
REAL, LPP, LOG
CHARACTER STHCHN( 10) '8,STHUNT( 10) '6,SEATYPS*2
REAL STHSTD(1O,2),STHDATA(1O),WAVEHTP(3)

COMMONK /BLK3/ ACTHDATASLACTHDATA, STARTRUN, BRUNS ,ACTHRUN, DTQS,
2 ARUM, KARUM, LARUN, UPOI NT, PUT, PUTXLOC, PNTYL.OC, PNTZLOC, PUTNANIS,
2 NCIOAX, NCHAN, POINTS ,SHIPSYS, CHNPTMO, CHUXLOC, CHMYLOC, CHNZLOC,
2 CKMPTA,CTITLE, CTYPE,CUNITS, CSYSTI4,CH,CHN,CHNUMII,C1 ,ACTHDATA,
2 FACTOR, RESULtS, PEA

CHARACTER'SO ACTHDATAS
CHARACTER ARUN' 6, DTGS'13
IVNTEGEZR STARTRUN ,ACTHRUM, PUT, POINTS ,SHIPSYS
DIMENSION PNTXLOC(0:10),PNTYL.OC(0:1O),PNTZLOC(0a10)
CHARACTER PNTNAI4ES(0:10) '20
DIMENSION CHNXLOC( 16) ,CHNYW4C( 16) ,CHNZLOC( 16)
INTEGER CHNPTNO( 16)
CHARACTZR*20 CHNPTNA (16)
CHARACTER' 12 CTITL ( 16)
CHARACTIR*4 CTYPE (16)
CHARACTERR4 CUNITS(16)
CHARACTER'S CSYSTM(16)
INTEGER CH(16,5) ,CHN,CHNNUM
INTEGER-2 C1(16)
REAL, ACTJUDATA (16)
DIMENSION FACTOR(16),RISULT8(16,4),PEAX(16)

CHARACTER'S DateS
CHARACTER'11 TimeS

001040K /WAVBPKT/ NWPOINT, WPTNUN, WPNTXLOC, WPNTYLOC ,WPNTZLOC,
2 WPNTNAMZS

DIMENSION WPTMUI(3) ,WPNTXLOC( 3) ,WPNTYLOC(3) ,WPNTZLOC( 3)
CHARACTER WPNTNAHES (3) '20
INTEGER WPTNUM

COM040N /ACTHWV?/ NAWPOINT, AWPTNUM, AWMTXLOC, ANPETYLOC,
2 AWPNTZLOC, AWPHTHANES

DIMENSION AWPIIUN(3) ,AWPNTXWC (3) ,AWPNTYLOC (3) ,AWPMTZLOC (3)
CHARACTER AWPMTNANES (3) '20
INTEGERAWPTNUM

COMMONK /BLK4/ EFLAG, IsTHLAG, CHNrLAG
INTEGER EFLAG, CHULAG (16)

C CONSTANTS

DEORAD - PI 1800
RADDEG - 1800 PI
NCIOIAX - 16 1 Max no of channels

C START

712 a 'ZRAOR.TEX'
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OPEN (8,FIL]'IBZSTATUS.'UNXKOWN')
MFLAO - 0 1 Error flag

* -m4B eo o o m

* Read ACTH.INP tile

1000 VORMAT(A)

?IS a 'ACTH.INP'
OPEN (l,FIL2=FIS,STATUSm'OLD')

READ(l,l000) STHDATAS I sTN (Origin time history) data path
PJrD(,1000) ACTHDATAS I ACTH (Motions at a point) data path
READ(1,1000) SHIPS

CALL SLENTI4 (STHDATAS, LSTHDATA)
CALL SLEUTH (ACTHDATAS,LACTHDATA)
CALL SLENTH (SHIPS,LSHIP)

CALL RDACTHINP I Read ACTH.INP file

IF (EFLAO .GT. 0) THEN
AS-'CLS"
CALL SYSTEM (AS)
WRITE (*,3000)
WRITE (8,3000)
DO 10 CHNU1,NCHAN
IF (CHNLAG(CHN) .EQ. 1) THIN

WRITE (*,3010) CHN,CH(CHN,l),CH(CHN,S)
WRITE (8,3010) CHN,CH(CHN,1) ,CH(CHN,5)

END IF
10 CONTINUE

WRITE (-,3020)
WRITE (8,3020)
00 TO 300 1 STOP

END IF

3000 FORMAT (///22X,'ZERROR - ACTH program stopped. ///22X,
2 €CU•ANNXL RESPONSE POINT-)

3010 FORMAT (23X,I3,9X,I3,8X,13)
3020 FORM4AT (//8X, *does not have a corresponding wave point number

2 'in ACTH.INP'////)

READ (1,1000) AS
READ (1,'(25X,15)') STARTRVN
READ (1,(161,IS)') NRUNS
READ (1,1000) AS
READ (1,1000) AS

--------------- e------------------------e---e--eee e e e eel-e ee--eeeeeee

ACTHRUN STARTRUN - 1

ISTHMLAG - 0 I Count of 8TH runs skipped due to error

DO 200 JRN a 1,NRUNS I Loop over runs

EFLAG a 0 I Error flag
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AS- CLSI
CALL SYSTEM (AS)

WRITS (*,'(//22X,=Accews Time History Program (ACTH) ")*)
WRITS (*,'(///,27x,- -otal number of runs -- ,13)') Z 8RUNS
WRITS (*,0(/,27X,lStart run number -',13)') STARTRUN

ACTURUN a ACTHRUN + 1
WRITE (*',(///,27X,*Working on run numbeir,13)9) ACTHRUN

WRITS (ARUN,'(IG6)) ACTHRUN
CALL FLZNTH (ARUN,rKARUN)
CALL SLEZTH (ARUN,LARUN)

RAD (1,*) STHRUN I Read 8TH run number

WRITS (SRUN,-(16)) STHRUN
CALL FL1NTM (8RUN,KIRUN)
CALL SLEKNTH (SRUN,LSRIN)

• Read STH time history file

FI8 - STHDATA8(1ILSTHDATA)//'\SR'//SRUN(KSRUN:LSRtJN)//'.DAT'
OPEN (2,ERR-2O,FILE-FIS,FORM-'UNFORMATTED' ,STATUS-'OLD')
GOTO 30

20 Sn•AG - 1 I 8TH run does not exist
ISTHFLAG a ISTHFLAG + 1
GOTm 190

30 RMAD (2) COUNT,NSTHCHAN
TRUK - (COUNT-I)*DT I Run length in seconds

------------------------------------------------------------------
* Read STH text file

CALL RDBTHTEXT

------------------------------------------------------------------
* CampaWe wave point locations in ACTH.INP and SRN.TEX

If (SAWPOINT .GT. 0) CALL CHKPNT
if (EFLAG .GT. 0) GOTO 190

-------------------------------------------------------------------------
* Get DATE and TIME

CALL DATE(DateS)
CALL TIME(TimeS)
READ (DateS,0(12)0) MONTH
DT08 - DateS(4:S)//TimeS(lt2)//TimeS(4t5)//'L '//MONTHS(MONTH)//

2 DateS(7s8)

O Open ACTH time history file
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IF (ASCII .3Q. 1) THRN
FIB a ACTHDATAS(l:LACTHDATA)// '\A'I//ARUN(KARUN:LARUN)//' .DAT'
OlIN (3, FILZ=FIS, 10114. UNIORMATT!D' ,STATUSu' UWIQOWN )
WRITS (3) COUNT,NCHhN

ELSE
PIS - ACTHDATAS(l:LACT1IDATA)/f' \AR //ARUN(KARUNzLARUN)//' .ASC'
OPEN (3,FILEwFIS,3TATUSuUNKNOWM')
WRITS (3,'(21S)') COUNT,NCHAN

DO 100 CNT - 1,COOWI I Start loop over timie (samples)

* Read 8TH data for one point in time

READ (2) (STHDATA(I),I-In,NSTHCIIAN)

WAVEW? - STHDATA(l) I Wave height at Origin
SURGS - STHDATA(2)
SWAY a STHDATA(3)
HIM?! - STUDATA (4)
ROLL - BTHDATA(5)
PITCH - STHDATA(6)
YAW - STHDATA(7)
IF (NSTHCHAN .GT. 7) THIN
DO 40 I-SKMSTHC~HN

WAVEHTP(14) - STHDATA(I) I Wave height at a point
40 CONTINUE

END IF

CALL ACTHRZIP I Compute ACTH ship responses

IF (ASCII IQ. 1) THINM I Binary output data format
WRITS (3) (ACTHDATA(I),I-1,NCHAN)

RISE I ASCII output data format
XL a 0
IF (NCHAN .1Z. 8) THIN
KL - IL + 1
WRITS (3,2000) CNT,KL,(ACT1IDATA(I),,I-I,NCHAN)

2000 FORMAT (215,618.3)

ELSE
IL a IL + 1
WRITS (3,2000) CKT,IL,(ACTIIDATA(I),1-1,S)
KL a KL + 1
WRITS (3,2010) KL,(ACTHDATA(I),Is9,NCHAN)

2010 FORMAT (5X,15,$SF.3)

100 CONTINUE I End loop over time

CL405Z (2) 1 Close STH.DAT file



CLOSE (3) 1 Close ACTH time history file

Write ACTH text file
CALL WRACTHTdXT

Write ACTNLOG text file
CALL WRACTULOG (FIS, ACTUDATAS, LACTIDATA, TRIALS,LTRIAL,

2 ACTURUN, TR U, *DTOS, CONO(ENTS,ASCI I)

190 CONTINMU

IT (XFLAG .GT. 0) THEN

IF (ISTHnAG .30. 1) THlE
WRITE (8,3030)

3030 FORMAT (///20X,'IRROR - Some STH runs not analysed'/)
ZND IF

1F (EFLAG .ZQ. 1) THEN
WRITZ(8,3040) STHRUN

,LSZIF (XFLAG .SQ. 2) THIN
WRITE(8,3050) STHRUN

ELS•IF (EFLAG .ZQ. 3) THIN

WRITZ(8,3060) STHRUN

ENDIF

END IF

3040 FORLKT(/6X,SITH run 1,13,' does not exist')
3050 FORMAT(/6X,LSTH run 1,13,' skipped because there are no

2 'wave points in the 5TH run')
3060 PFOSMAT(/6X,'STH run 1,13,1 skipped because the STH wave

2 'points do not match'/19X,'the ACTH wave points*)

200 CONTINUE I End of loop over runs

CLOSE (1) I Close ACTH.IRP file

ASU.CLS°
CALL SYSTEM (AS)

iF (IST1F•LUA .GT. 0) TUE
WRITE (*,3030)

IF (ISTIFLAB .mg. 1) THEN
WRITZ(*, 3080)

ELS3
WRITE(*, 3090) IST0FLAG

END If

WRITE(*,3100)

EMLE I No errors found
WRITZ(*,3070)
WRITZ(8,3070)
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END!?

3070 ?ORNAT(/22X,-AlI. 5TH runs were successfully completed')
3060 1ORI4AT(/22X,'There wasn 1 8TH run skipped')
3090 VORKAT(/22X,'Thore were 1,13,' STH runs skipped')
3100 VORNAT(/19X,'Print the ZRROR.TEX fil.e for details,////)

C QUIT

300 CLOSE (6) 1 Close ERROR.TzX file

STOP

END

C DICK BLOCK DATA - Block data
8 /14/869 1t50 pm

BLOCK DATA

COMMONO /BLKO/ PI ,DEORAD,RADDEO,MONTHS,WAVEHTS,ORGNAAcS,
2 EPTIEAMES, PTNAN3S, CHTYPZS, CHUNITS, CHSYSTMS

CHARACTER NONTIIS(12)*3,WVAVHTS*12,ORONAJ4ES(6)'12
CHARACTER EPTNAMES(7)*l2,SPTNAMZS(7)'12
CHARACTER CHTPES(S)*3,CHUNITS(7)'6,CHSYSTIIS(2)-S

DATA PI /3.1415927/
DATA MONTHS /'JAN','FE3','MAR',#APR','MAY','JUN','JUL','AUO'#,

2 $3P9,@OCT,9NOV§,DEC#/
DATA WAVENTS /-WAVEHT-/
DATA ORMUA3RS /'SURGE','SWAY','HEAVE','ROLL','PITCH','rAW'/
DATA EPTUAI6S /OLONMO',LATI,IVERT',IRELKOT-,WVHTP-,-WVHTP2,,

2 'WVHTP3-/
DATA SPTNAIZS /9SLONO;,#SAT4,9SMET9,9 I't V,

2 1 1
DATA CHTYPES /#DSP#,1VEL,9AOC-,'ANG;,* I/
DATA CHWMITS /EEVSGSDO'DP'P2' 9/
DATA CHSYSTM8 / $ATN',#SfIP1/

END

C SUBEOUTINNS

C DZCK ACTHRESP - ACTU ship responses
* 9/3/89 0s40 pm

SU3ROUTINE ACTHRESP

00160 /SLKO/ ?, DEORAD, RADDEO, MONTHS ,WAVEHTS,ORONAMES,
2 ZPTAMABS, SITAMES ,CHTPS, CUMITS, CHSYSTMS

CHARACTER MON THS (12)*3,WAVEMTS*12,ORONAMES(6)'12
CHARACTER ZPTNAXES(7) '12,SPTNAMES(7) '12
CHARAhCTER CHTYPZS(5)'3,CHUNITS(7)'6,CHSYSTMS(2)'5

CON"40 /3LK1/ AS ,VIS, STHDATAS, LSTHDATA, IRUN, KSRUN ILSRUN,
2 SHI1TTPS,TRIALS,LTRIAL, SHIPS,LSHIP,VARIANTS, CYCLEB, SUNITS,
2 LSUNIT,COOIENTS
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CHARACTER*80 AS, 115 *STHDATAS
CH1ARACTER SRUN'6,SHIPTYPS'S,TRIAS'40,SUNITS'6,OOMMENTS*40
CHARACTER SHIPS'S
CHARtACTER VARIANTS*'1, CYCLECS'2

00)010 /3LK2/ STHRUN, CNT, COUNT, NSTHCHAN, GRAV, LPP, LCO, DBLWL,
2 IRATE. DT, TSTART, TSTOP, TRUN, WAVEHT, SURGE, SWAY, HEAVE, ROLL, PITCH,
2 YAW, STHDATA, WAVEtHTP, SHPSPD,HDNG, SEATYPS,SIGWH,TI4ODAL, STATIS,
2 STHCHN, STHUNT, STSTD,ASCII

INTEGER CM?. COUNT, ASCII
REAL LPP,LCG
CHARACTER STHCHN(l0)*8,STIIUNT(10)*6,SEATYPS*2
REAL STHSTD(l10,2),STHDATA(lO),WAVKHTP(3)

001010 /BLZ3/ ACTHDATAS, LACTHWATA, STARTRUN, KEUNS,*ACTURUN, DTGS,
2 ARUN, EARUN,*LARUN,*NPOINT, PNT, PNTXLOC, PNTYLWC, PNTZLOC, PNTNAMES,
2 ICHNAX, NCHAN, POINTS ,SH!PSYS, CHNPTNIO, CHNXLOCCHRNYLOC, CHNZWOC,
2 CHMPTNA, CTITLE, CTYPE,CUNITS, CSYSTM,CH,CHN,CHNNM,C1,ACTHDATA,
2 FACTOR, RESULTS, PEAK

CMARACTEPR*80 ACTHDATAS
CHARACTER ARJN'6 ,DTOS'13
INTEGER STARTRUN,ACTHRUN,PNT, POINTS,SHIPSYS
DIMENSION PKTXLOC(0:lO),PNTYLOC(Os10),PNTZLOC(0:10)
CHARACTER PNTNAMES (0110) *20
DIMENSION CHNXLOC(16) ,CHNYLOC(26) ,CHNZLOC(16)
INTEGER CHNPTNO( 16)
CHARACTER' 20 CHMPTNA (16)
CHARACTER*12 CTITLZ( 16)
CHARACTER*4 CTYPE (16)
CHARACTER'4 CUNITS (16)
CHARACTER'S CSYSTM( 16)
INTEGZR CH(16,S),CHN,CHNUWM
INTEGER*2 C1(26)
REAL ACTHDATA (16)
DIMENSION FACTOR(16),RESULTS(16,4),PEAK(16)
DIMENSION CHNX3AR( 16) ,CHNYDAR(16) ,CHNZBAR(I6)
REAL PRCHDSP(16),PRLAVEL(16),PRVEDSP(16),PRVEVL(16)
REAL PRCHVEL(16),PRLODSP(26),PRLOVEL(16),PRLADSP(16)
REAL THNIN(16) ,THMAX(l6) ,MEAN
DOUBLE PRECISION TMP,ARG, SUK( 16) ,SUNSQR(16)
REAL LONFOR, LATFOR

17 (CN? .EQ. 1) THEN
-------------------------------------------------------------------

* Initialize variables at start of run

DO 10 Iinl,NCHAN
FACTOR(I) - 1

10 CONTINUE

MT - 1 / GRAV

I a-0 1 Wave height or Origin responses
PNTXLOC(I) - LCO / (LPP/20) I Longitudinal center of gravity

* (from FP)
PNTYLOC(I) - 0 1 Centerline
PXTZLoOC(I) - DBLWL I Waterplane (from SL)
PTNTIANES(l) a 'Origin (LWG, CL, WP)'

20 CONTINUE

DO 30 CHN w 1,NCHAN
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THNhX(CHN)-(-32767)
T1MDN(cHN)-(32767)
SUK(CHN)-0
SUNSQR(CHN)=O
PRCHDSP(CHN) u 0
PRCNVIL(CII) - 0
PRLODSP(CHN) a 0
PRLOVZL(CHN) a 0
PRLADSP(CHN) = 0
PRLhVEL(CHN) - 0
PRV2DSP(CHN) - 0
PRVMVZL(CHN) - 0

PN? a CH(CHN, S) I Channel point

IF (PIT .ZQ. 0) THEN I Origin location
CHNXLOC(CHN) - PNTXLOC(PNT) I Station associated with LOG
CHNYLOC(CHN) - PNTYLOC(PNT) I Centerline
CHNZWOC(CHN) - PNTZLOC(PNT) I Waterplane (from BL)
CHNPTNA(CHN) a PNTNAMES(PNT) I Channel point name

ELSE

* X, Y, Z coordinates in SIP Ship Reference system
* XLOXC in station number,
* YLOC positive to port from centerline,
* ZLOC positive up from baseline

XLOC a CHKXLOC (CHN)
YLOC - CmaNLOC (CNN)
1LOC - CHNZLOC(CHN)

* X, Y, 2 coordinates in right-handed coordinate system
* XBAR is distance positive forward from
* longitudinal center of gravity,
* nBAR is distance positive to port from centerline,
- IZAR is distance positive up from waterline

CHNXBAR(CHN) a LCG -,XLOC * (LPP / 20)
CUNYBAR(CHN) w YLOC
CHNZBAR(CHN) - ZLOC - DBLWL

END IF

30 CONTINUE

END lF

* Compute ACTH ship response time histories

IF (POINTS EQ. 1) THEN
* ---- eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

* MNotions at a Point calculations to be done

ROLRAD a ROLL * DZERAD
SR - SIN(ROLRAD)
CR a CO8(ROLRAD)
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PITRAD - PITCH * DEORAD
8P - SIN(PITRAD)
CP " CO8(PITRAD)

YAWIAD a YAW * DIORAD
SY - SIN(YAWRAD)
CY - COS(YAWRAD)

END IF

----------------------------------------------------------------------

DO 100 CHN - 1,NCHAN I Loop over channel

IRSP - CH(CHN, 1) 1 Channel response
ITYP - CH(CHN, 2) ! " type
ISYS - CH(CHN, 4) 1 system
IPNT - CH(CHN, S) 1 " point

IF (ISYS .EQ. 2) THEN I Ship system
ISLONO a 1 I Compute longitudinal force
IF (IRSP.SQ.2 .OR. IRSP.AQ.3) ISLONO - 0
ISLATE - 1 1 Compute lateral force
IF (IRSP.EQ.1 .OR. IRSP.ZQ.3) ISLATE - 0
ISVZRT a I I Compute vertical forec
IF (IRSP.EQ.l .OR. IRP.ZQ.2) ISVERT - 0

3ND IF

IF (lPNT EQ. 0) THEN I Origin location
-----------------------------------------------------------------------------------------

IF (IRSP.GE.1 .AND. IR8P.LE.6) THEN
-----------------------------------------------------------------------------------------

• Origin responses

IF (IlaP EQ. 1) TEMP - SURGE
IF (IiSP .SQ. 2) TEMP - SWAY
IF (I18P EQ. 3) TEMP a HEAVE
IF (1RSP .EQ. 4) TEMP - ROLL
IF (IRSP EQ. S) TZMP - PIICH
IF (1RSP EQ. 6) TEMP a YAW
IF (ITYP zQ. 1) GOTO 90 1 Displacement or angle
GOTO 80 i Velocity or acceleration

END IF

IT (I38P.ZQ.7 ) THEN
-----------------------------------------------------------------------------

* Wave height at Origin

TEMP a WAVEHT
iF (ITYP EQ. 1) GOTO 90 1 Displacement or angle
aOTO SI £ Velocity or acceleration

END IF
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ELSE I Point location
- MM -- - - - - - - - - -m- - - - - -- - - - - -

XBIAR - CHNXBAR(CHN)
YBA a CHDBAR(CHN)
ZLAR - CHN2BAR(CHN)

IF (ISYS .EQ. 1) THEN I EARTH system
*---------------------------------------------------------------------------------------------

IF (IRSP.GE.1 .AND. IRSP.LE.3) THEN
------------------------------------------------------------------------- w- ---- m-----------------

* Absolute responses at a point

IF (IRSP .EQ. 1) THEN I Longitudinal
TEMP - SURGE - YBAR*SY + ZBAR*SP + XBAR*(CY#CP-2)

ELSEIF (IRSP .EQ. 2) THEN I Lateral
TEMP - SWAY - ZBAR*SR + XBAR*SY + YSAR*(CR+Cf-2)

ELSE I Vertical
TEMP = HEAVE - XBAR*SP + YBAR*SR + ZBAR*(CP+CR-2)

END IF
IF (ITYP .EQ. 1) GOTO 90 1 Displacement
GOTO 80 I Velocity or acceleration

END IF

IF (IRSP .EQ. 4) THEN
*---------------------------------------------------------------------------- w --------- m----------

* Relative motion at a point

VERDSP w HEAVE - XBAR'SP + YBAR'SR + ZBAR*(CP+CR-2)
TEMP - VERDSP - WAVEHTP(IPNT)
IF (ITYP .EQ. 1) GOTO 90 1 Displacement
GOTO 80 1 Velocity or acceleration

END IF

IF (IRSP .EQ. 7) THEN
*----------------------------------------------------------------------------------------

* Wave height at a point

TEMP - WAVEHTP(IPNT)
IF (ITYP .EQ. 1) GOTO 90 1 Displacement
GOTO 80 I Velocity or acceleration

END IF

ELSE I Ship system

-----------------------------------------------------------------------
* Compute motions at a point - EARTH system

ELONG a SURGE - YEAR*SY + Z3AR*SP + XBAR*(CY+CP-2)
ELATE - SWAY - ZBAReSR + XBAR*SY + YBAR*(CR+CY-2)
EVERT a HEAVE - XEAR*SP + YBAR'SR + ZBAR'(CP+CR-2)
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-- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - -- -

O "Next compute velocities at a point

IF (CNT .ZQ. 1) THEN I Initial values of displacement
PRLODSP(CHN) a ZL40NG
PRLASP(CHN) - ELATE
P1VEDSP(CHN) - EVERT

END IF

ELONVEL - (ELONG - PRLODSP(CHN)) * SRATZ
ELATVEL a (SLATE - PRLADSP(CHN)) * SPATZ
I MRV3L a (9VMRT - PRVZDSP(CHN)) * SPATE

PRLODSP(CHN) - BLONG
PRLADSW(CHN) a ELATE
PRVEDSP(CHN) - EVERT

------------------------------------------------------------------------------------------------
* Last compute accelerations at a point

ELONACC - (BLONVEL - PRLOVEL(CHN)) * SPATS
ZLATACC - (ELATVEL - PRLAVEL(CHN)) * SPATE
EVERACC a (EVERVEL - PRVEVEL(CHN)) * SPATZ

PRLOVZL(CHN) - ELONVEL
PRLAVZL(CHN) - ELMTVEL
PRVEVEL(CHN) - MVERVEL

---------------------- -----------------------------------------------------
* Convert to Earth System forces in g's
* including force due to gravity

Coordinate system for forces is
x pos aft, y pox to stbd, z poe down

LONFOR - - ZLONACC * MTC I Longitudinal force
LATFOR a - ELATACC * FTG I Lateral force
VERFOR a - EVERACC * FTM - 1 £ Vertical force

* . ---------- --------- --------.. . . .

* Compute Longitudinal, Lateral, and Vertical Forces
* (including Gravity) in the Ship System using
* angle rotation order
* yaw, pitch, roll

IF (ISLONG .SQ. 1) THEN
SLONG = LONFOR * CY * CP +

2 LATFOR * BY * CP-
2 VERPOR * SP

END Ir

IF (ISLATE EQ. 1) THEN
SLATS a LONFOR * (CY * Sp * SY - 5¥ * CR) +

2 LATFOR * (CY * CR + SY *SP * SR) +
2 VEROR' * CP * SIR

END iF
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IF (ISVERT •KQ. 1) THEN3
8VERT - LONFOR * (SY * SR + CY * SP * CR) +

2 LATFOR * (SY * SP * CR- CY * SR) +
2 VERFOR * CP * CR

RND 1F

IF (IRSP .EQ. 1) THEN I Longitudinal force
TEM - SLONO
GOTO 90

END IF

IF (IRSP .EQ. 2) THEN I Lateral force
TEMP - SLATE
GOTO 90

END IF

IF (IRSP .3Q. 3) THEN I Vertical force
TEMP - SVERT
GOTO 90

END IF

END IF I EARTH / Ship system

END IF I Origin / point location

80 IF (ITYP.EQ.2 .OR. ITYP.EQ.3) THEN I Velocity or acceleration
---------------------------------------------------------- w-------------------------------------

Scompute velocity

IF (CNT .EQ. 1) PRCHDSP(CHN) - TEM
TEMPVEL - (TEMP - PRCHDSP(CHN)) * SRATZ
IF (CNT .GT. 1) PRCHDSP(CHN) - TEMP

IF (ITYP .EQ. 2) THEN
TZMP a TEMPVEL
GOTO 90

END IF

-------------- -------------------------------------------

• Compute acceleration

TMPACC - (TMPVEL - PRCHVEL(CHN)) * gRATE
PRCHVZL(CHN) a TEMPVEL

IF (.NOT. (IPNT.EQ,0 .AND. (IRSP.GE.4 .AND. IRSP.LE.6))) THEN
TEMPACC - TEMPACC * FMG

END IF

TEMP - TEMPACC

END IF I Velocity / acceleration type

* Compute minimum analysie as a function of time
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90 TMP - TEIP
BUM(CHN) a SUM(CHN) + TMP
8UMSQR(CHN) - SUMSQR(CHN) + TMP'TMP
IF (TEnL, .GT. THRAX(CHN)) THMAX(CHN) -7TMP
IF (TEMP .LT. THMIN(CHN)) THMIN(CHN) -TEMP
ACTHDATA(CHN) a TE

100 CONTINUE I End loop over channels

IF (CNT .EQ. COUNT) THEN

* Complete minimum analysis for run

DO 120 CHN - 1,NCHAN!
ARG w (SUMSQR(CHN) - SUM(CHN)*SUM(CHN)/COUNT)
IF (ARG .GT. 0.) GO TO 110
ARG a 0

110 STDDEV - DSQRT(ARG/(COUNT-1))
MEAN a SUM(CHN)/COUNT
RESULTS(CHN,1) - MEAN
RESULTS(CHN,2) - STDDEV
RESULTS(CHN,3) - THMAX(CHN)
RESULTS(CHN,4) - THMIN(CHN)
THMX a RESULTS(CHN,3)
THMN - RSSULTS(CHN,4)
PEAK(CHN) - THMX
IF (AIS(THAN) .GT. ABS(THMX)) PEAK(CHN) THMN

120 CONTINUE

END IF

RETURN
END

C DECK ATAN2D - Arctangent function in degrees for any quadrant
* 2/18/89 115 pm

FUNCTION ATAN2D (3,A,RADDEG)

* Arctangent function to compute angles (in degrees) in any quadrant.
* The b argument is the imaginary vector. The A argument is the real
* vector.

DATA BP8 /1.1-6/
IF (B EQ. 0.) ATAN2D a 0.
IF (B .OT. 0.) ATAN2D w 90.
IF (B .LT. 0.) ATAN2D -- 90.
IF (ABS(A) .OT. BPS) ATAN2D - ATAN2(B,A) * RADDEG

RETURN
END

C DECK CHKPNT - Checks 8TH point locations against ACTH point locations
* 3/1/89 2:0S pm

SUBROUTINE CHKPNT
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COMMON /WAVEPNT/ NVPOXNT, WPTNWI, WPNTXLOCI WPNTYLOC, WPNTZLOC,
2 VPNTHAMES
DIMENSION VPTNUN(3) ,WPNTXLOC(3) .WPNTLOC(3) ,WPNTZLOC( 3)
CHARACTER WPNTNANEB(3) '20
INTEGER WPTNUN

COMMCON /ALCTHIPIPT/ NAWPOINT, AVPTUN,AWPNTXLOC, AVPNTYLOC,
2 AWPNTZLOC, AWPNTNAHIS
DIMENSION AWPTNUN (3) ,AWPNTXLOC (3) ,AWPNTYLOC (3) ,AWPNTZLOC( 3)
CWAACTER AWPNTHANES (3) '20
INTEGER AWPTNUN

COMM4ON /BU.4/ EFLAG, IBTHFLAG, CHNFLAG
INTEGER EFLAG, CHNFLAG (16)

IT (NAWPCINT.GT.0 .AND. NWPOINT.EQ.0) THEN
EFLAG - 2 1 There are wave points in ACTH.INP buat
* ~no wave points in 8RN.TEX f ile
ISTHFLAG a !STHFLAO + I

ELSE!? (NAWPOINT .ME. NWPOINT) THEN
EFLAG - 3 1 Wave points disagree
ISTHFLAG - ISTHFLAO + 1

ELSE
DO 10 J a 1,I4AWPOINT

IF (AWPTNUN(J).EQ.WPTNUN(J) .AND. AWPNTXLOC(J).EQ.WPNTXWOC(J)
2 -AND. AWPNYWOC(J).EQ.WPNTYLOC(J)) amT 10

ZEFUA 0 3 1 Wave points disagree
ISTHIFLAG UIBTHFLAO + 1
0O To 20

10 CONTINUE

END I?

20 RETURN

END

C DECK FLENTH Finds location of first non-blank character in a string
* 11/11/es 6100 pm

SUBROUTINE FLENTH (ASK)

CHARACTER' (*) AS
1-LEN (AS)
Kai
DO 10 1-1,L
I? (AS(ItI).EQ.CHAR(32)) 00 TO 10
K1l
G0 To 20

10 CONTINUE
20 CONTINUE

RETURN
END

C DECK RDACTUINP - Reads ACM input file
* 8/31/89 1035 pm
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SUBROUTINE RDACTHXNP

COlO4ON /SLX0/ P1 ,DIORAD, RADDG,NOrNTS , WAVEUTS,ORGNANES,
2 NPTKANZS , PTNAMES, CHTYPZS, CHUNITS, CHSYITHS
CHARACTER NONTHS( 12) '3,WAVEETS*12,ORONANES(6) '12
CHARACTER EPTNAKRS(7)*12,SPTNANRS(7)'12
CXARACTER CHTYPES(5)'3,CHUNITS(7)*6,CHSYSTMS(2)'S

CIO4ON /SLK1/ AS, VIS,STNDATAS,LSTHDATA, SRUN, SRERN, LSRUN,
2 SKI MPTP, TRIALS, LTRIAL, SHIPS, LIHXP, VARIANTS,CYCLES, SUNITS,
2 LSUNITUOOKKENS
CHARACTZR*S0 AS,FIS,STHDATAS
CKARACTER SRUN'6, SHIPTPS-B,TRIALS'40, SUNITS'6, cOXNUNTS'40
CHARACTER SKIPS'S
CHARACTER VARIANTS' 1, CYCLES*2

COObN /ILR2 / STHRUK,CNT, COUNT, NSTNCKAM ,GRAV, LPP,LCG,D3LVL,
2 BRATS ,DT, TSTART, TSTOP, TRW , WAVEUT, SURGE, SWAY,HEAVE, ROLL, PITCH,
2 YAW, STHDATA, WAVEHTP, SHPSPD,HDNO, SEATYPS,SZGWH, THODAL, STATIS,
2 STHCHN, STiUNT, STHSTD,ASCII

INTEGER CNT,COUKT, ASCII
REAL LPP,LCG
CHARACTER STHCHN(10)5, ST1IUNT( 10) '6,SEATYPS*2
REAL STIISTD(10,2),STHD)ATA(10),WAVEKTP(3)

~ONONM /BLLI/ ACTHDATAS, LACTHDATA, STARTRUN,NIRUNS,ACTNRUN, DTGS,
2 AlUN, KARUN, LARUN ,NPOINT, PM, PNTXLOC, PMTYLOC, PMTZLOC, PMTNANES,
2 NCHIAX, NCHAN, POINTSSKIPSYS, CKMPMO, CHNXLODC, CHMYWC, CMNZLOC,
2 CHNPTNA,CTITLE,CTYPZ, CUNITS,CSYSTM,CH,CHN,CHMfMU,C1,ACTIIDATA,
2 FACTOR, RESULTS, PEAR
CHARACTER'S0 ACTHDATAS
-~RAMCTER ARUN*6, OTOS' 13
!tWTEOER STIATRU , ACTHRUN, PUT, POINTS, SKIPSYS
bl.'NSION PNXWOC(O.1O),PKTYWOC(Osl0),PMTSWOC(O:1O)
4AA\CTR PNMTIWS(O: 10) '20
DI)UNSIOM CHKXWOC(16) ,CHNYLOC( 16) ,CHIUWOC(16)
INTEGER CHNPWO(26)
CHARACTXR-20 CSDITA( 16)
CHARACTZR'12 CTITLZ( 16)
CHNLACTER*4 CTYPZ(16)
CHARACTER*4 CUNITS(16)
CHARACTER-S CSYSTM( 26)
INTEGER CH(16,S) ,CHN,CHUMMU
IMTEER-2 C2(16)
REAL ACTKDATA (16)
DINENSION ?ACTORt(16),RESULTS(16,4),PIA(16)

COMMOM /ACTHIPIPT/ NANPOINT, APMUX, AWPNT2CLOC, AWPNTYLOC,
2 AVPNTLOC, AWPWMNTKHS

DINENSION AWPTMUH(3) ,AWPNTXLOC( 3) ,AWPMrTYOC( 3) ,AWPNTZLOC(3)
CHARACTER AWPETANESS(3) '20
INTEGR AWPT19UN

COONW /5LR4/ E7LAG,ISTHVLhG,CHNPLAO
INTEGER MVLAO,CKNFLXG( 16)

2000 FPO)AT(A)

----------- ---------- ----------- ---------- ----------- ----------
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* OUTPUT data format
* ASCII - I (Binary)
* ASCII a 2 (ASCII)

RMAD (1,1000) AS
RAD (1,'(7X,IS)' ASCII
IF (ASCII.NU.2) ALCII - 1

* Read point locations for wave height at a point

READ (1,1000) AS
RJAD (1,-(1BX,1S)-) NAWPOIt4T
IF (NAWPOINT .0T. 3) NAWPOINT - 3
READ (1,1000) AS
READ (1,1000) AS
READ ,1,1000) AS
IT (NAWPOIM? .QT. 0) THEN

DO 10 PUT-1,NAWPOINT
READ (1, '(14,3F8.1,3X,A20)-) AWPTNUM(PNT),AWPNTXLOC(PNT),

2 AWPNTYLOC (PNT), AWPNTZLOC (PNTi, AWPNTNAMZS (PNT)
10 CONTINUE

END IF

----------------------------------------------------------------------------
* Read point locations

RME (1,1000) AS
rEAD (1,-(13X,IS)-) NPOINT

IF (NPOINT .0T. 10) NPOINT - 10
READ (1,1000) AS
READ (1,1000) AS

EA (1,1000) AS
it (NPOINT .0T. 0) TM

DO 20 PKTl•lNPOIMT
MRED (1,-(14,3FS.l,3X,A20)-) IPNT,PNTXLOC(POT),

2 PNTYLOC(PMT), PNTZLOC(PMT), PiTNAHES (PMT)
20 CONTINUZ

END IF

REA (1,1000) AS
RWA (1,'(1SX,IS)-) MCHAM
IF (NCHAN .0T. WCIIMAX) YCHAN- WCHKAX
READ (1,1000) AS
REA (1,1000) AS
RAMD (1,1000) AS

POINTS * 0 1 Point flag is Get to off
SHIPS¥S - 0 1 System flag is set to off (EARTH)

DO 40 CHN - 1,NC.IAM I Loop over channel

RZA (1,*) ICIIN,IRSP,ITYP,ISYS,IPMT

ITHP a IPN?
N•FLhG(C•KN) = 0

IF (IPXT.OT.0 .AND. ISYS.EQ.1 .AND.
2 (IRSP.EQ.4 .OR. IRSP.EQ.7)) THEN

MATCH a 0
DO 30 I - 1,NAWPOINT
IF (IPMT EQ. AWPTMUM(I)) THEM
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MATCH - I
GOTO 30

3110IF
30 CONTINUE

IT (MATCH SEQ. 0) THIN
ZnTQao I I No wave point number for Relative motion

* or wave at a point
CHNFLAO(CHN) - 1

=N IF
310 IF

IF (IRSP.LE.0 .OR. IRSPOGT.7) IRS? - 1
If (ITYP.LE.0 .OR. ITYP.GT.5) ITY? - I
IF (ISYS.LE.0 .OR. ISYS.GT.2) ISYS - 1
IF (1PKT .LT. 0) 1PM? a 0

IF (IPN? .0?. 10) 1PM? - 10

CHNPTNO(CHII) a IPNT I Channel point (identified by number)
CHNXLOC(CH?4) a PNTXLOC(IPN?) I" x location
CIOIYL40C(CHN) -PNTYLOC(IPNT) I y
CHNZLOC(CHN) -PNTZLOC(IPNT) 1 9
CHMPNA(CHM) *PNTHAME8(IPNT) Iname

IF (1PM? .3Q. 0) THEN I Origin location

IF (IRSP.GE.1 -AND. IRSP.LZ.6) THEN
---------------------------------------------------------------------------------------------------

* Origin responses

CTITLE(CHN) - ORGNAHES(IRBP)
IF (ITYP .GT. 3) ITYP - I
It (IRSP .LT. 4) THEY

IUNT - ITT?
ELSE

ZUNT - ITY? + 3
END liF
CUNITS(CHM) a CHUNITS(IUNIT)
IF (IRSP.GT.3 .AND. ITYP.EQ.1) ITYP 4
CTYPR(CHN) -CMTTPES(ITYP)
lETS - 1 I EARTH system
CSYSTN(CHU) *CHSYSTMS(l)

330 IF

IF' (IRS? .9Q. 7) THEN
*---------------------------------------------------------------------------------------------------

* Wave height at Origin

CTITLE(CHN) w WAVENITS
IF (ITYP.GT.3) ITT? a 1
CTYTP3(CHN) -CHTYPES(ITYP)
IVK? a ITY?
CUNITS(CfM) *CHUIIITI(IUN?)
ISTS - 1 I EARTH system
CSTSTK(CHI4) - OSTSTUS(1)

oD lip

124



ELSE I Point location

IF (ISYS .SQ. 1) THIN I ZARTH system

IF (IRaP .OZ. 1 .AND. IRSP.LI.3) THiN

Absolute responses at a point

CTIfTLI(CHN) - EPTNAI4ES(IRSP)
1i (ITYP .AT. 3) ITTP a I
CTYPE(CHN) - CHTYPhS(ITYP)
IUNT a ITYP
CUNITS(CHN) C CHUNITS(IUNT)
CSYSTM(CHN) - CHSYSTNS(ISYS)

ZND IF

IF (IRSP .EQ. 4) THEN

• Relative motion at a point

IF (IPNT .OT. 3) IPNT - 1
CTITLZ(CHN) - RP'INANS(IRSP)
IF (ITYP .AT. 3) ITYP - 1
CTYPE(CHN) a CHTYPSS(ITYP)
MUNT a ITYP
CUITS(CHN) - CHUNITS(IUINI')
CSYSTN(CHN) * CHSYSTHS(ISYS)

END!?I

IF (IRSp .eQ. 7) THRN
*----------------------------------------------------------------------------------------

* Wave height at a point

IF (1PMT .AT. 3) IPMT - 1
CTITLE(CHN) - EPTNANS(IPNT÷4)
IF (ITYP.OT.3) ITYP a 1
CYPR(CIIN) - CHTYPES(ITYP)
IUNT - ITYP
CUNITS(CHN) " CHUNITS(IWINT)
CSYSTN(CHN) C CHSYSTNS(ISYS)

MND IF

IF (IRSP.ZQ.4 .OR. IRSP.EQ.7) THEM
CHNXLOC(CHN) - AWPNTXLOC(IPNT) I Channel wave point x location
CHYLOC(CHM) - AWPMTYLoC(IPN?) I - - y
CHNZLOC(CHN) - AWPNTZLOC(IPMT) I "
CHNPTA(CHN) a AWPNTNA1ES(IPNT) I " name

ElSE I SHIP system
---------------------------------------------------------------------------------------

IF (IRSP.09.1 .AND. IRSP.LE.3) THZN
*-------------------------------------------
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* Force responses at a point

CTITLN(CHN) a SPTNAKES(IRSP)
ITYP a 3
CTYPI(CHN) - CHTYPhS(ITYP)
ZUNT - 3
CUNITS(CIN) a CUUNITS(IUNT)
CSYSTN(CHN) = CHSYSTKS(ISYS)

END IF

END IF I EARTH /SHIP system

END I F I origin IPoint location

IF (IFLRG .GT. 0) IPNT * ITHP

*-----------------------------------------------------------------------------------

CTITLE(CHN) a CTITLE(CHN)(l:6)//' '//CTYP2(CHN)(ls3)

CH(CHN,1) - IRSP I Channel response (identified by number)
CH(CHN,2) - ITYP 1 " type
cH(CHN,3) - IUNT I unit
CH(CHN,4) - ISYS I a system
CH(CHN,5) - IPNT I a point

IT (IPNT .OT. 0) POINTS a 1 1 Point flag is set to on
IF (ISYS .EQ. 2) SHXPSYS-1 I System flag is set to on (SHIP)

40 CONTINUE I End loop over channel

REIVRN

END

C DECK RDSTHTEXT - Reods 8TH text file
8 /31/82 1:35 pm

SUIROUT INN ROSTHTEIT

COMMEON /SLKl/ AS, 15, STIEDATAS, LSTHDATA, SRUN, K8RUN, LSRUN,
2 SHIPTYPS, TRIALS ,LTRIAL, HP, LSHIP, VARIANTS, CYCLES, SUNITS,
2 LSUNIT,COMMMNS
cHARACTR'SO AS, FIB, STHDATAS
CHARACTER SRUN*6,SHIPTPS'S,TRIALS*401 SUNITS'6,CO1OZNTS'4O
CHARACTER SHIPS'S
CHARA CTE R VARIANTS 1, CYCLES*2

COMMO /BLK2 / STHRUN, CNT, COUNT, USTHCHAN, GRAy, LPP, LCG, DELUL,
2 SRATE ,DT, TSTART, TSTOP, TRUN, VAVEUT, SURGE ,SWAY, HEAVE, ROLL, PITCH,
2 YAW,STHDATA,VAVEHTP,SHPSPD,HDNG,SEATYPS,SIGWH,TNODAL,STATIS,
2 STHCHN,STHUNT, STBSTD,ASCII

IN TMGER CUT, COUNT, ASCII
REAL LPP,LCG
CHARACTER STHCIIN(1O) 'S,STHUNT( 10) *G,SEATYPS-2
REAL STIISTD(1O,2),STHDATA(10),WAVEHTP(3)

COMMON /VAVXPNT/ NWPOINT, VPTNN, WPNTXLOC, WPNTYLOC, WPNTZLOC,
2 WPNTNA)US

DIMUNSION WPTNN( 3) ,WPNTXLOC(3) ,VPNTYLOC(3) ,WPFTZWOC(3)
CHARACTER WPNTUAES (3) *20
INTEGER WPTIIUM
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1000 FORMAT (A)
1010 FORMAT (77.3)
1020 FORMAT (IS)

FIB - STHDATAS(1:LSTIIDATA)//'\SR'//SRUN(RSRUNtLSRUN)//'.TEXI

OPEN (3,FILE-FIS,FPRM'*FORMATTED',STATUS='OLD')

10 CONTINUS

READ (3,1000,ENDSO0) AS

1F (AS(10s26) .EQ. 'SHIP TYPE') SHIPTYPS a AS(30:37)

IF (AS(1S:22) SQ. 'TITLE') THEN
TRIALS a AS(26:65)
CALL SLEUTH (TRIALS,LTRIAL)

END IF

IF (AS(18:29) .EQ. 'HULL VARIANT*) VARIANTS - AS(33t33)
IF (AS(18:29) .EQ. 'SHP CYCLE NO') CYCLES aAS(33:34)

IT (A8(18t22) .EQ. 'UNITS') THEN
SUNITS - AS(26:31)
CALL SLENTH (SUNITS,LSUNIT)
CALL UCASE (STJNITS,LSUNIT)

END IF

1F (AS(18t24) EQ. 'GRAVITY') THlEM
READ (AS(28:36),1010) GRAV

END??

IT (AS(8St2S) .EQ. *SHIP LENGTH') THEN
READ (AS(32:39),101O) LPP

END I?

IF (AS(18s29) .EQ. 'LONGITUDINAL') THEN
READ (AS(6St72),2010) LOG

END IF

IT (AS(18s25) .EQ. 'DISTANCE') THEN
READ (AS(M663),101O) DILUL

END IF

IT (AS(1B:24) .IQ. 'COMMENT') COMMENTS - AS(28:67)

IF (AS(1S:28) .EQ. 'SAMPLE RATE') THEN
READ (AS(32s3S),2010) BRATE
DT - 1./SRATE I Time between samples in seconds

* ENDIF

IF (AB(18t27) *3Q. 'START TIME') THEN
READ (AS(31a3S),2010) TSTART

END IF

IF (AS(l8s27) SEQ. 'STOP TIME') THEN
READ (AS(31135),210O) TITOP

END IF

IF (AS(1S:27) -SQ. 'RUN TIME') THEN
READ (AS(31:38),1010) TRUN
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END!?

1? (AS(MS27) .EQ. 'SHIP SPUD') THEN
READ (AS(3ls35),'(1'S.2)1) SHPSPD

END IF

1? (AB(30:36) .EQ. 'HEADING') THEN
READ (AB(40:44),1(F5.0)') HDNG

END If

IF (AS(18:25) SIQ. 'SEA TYPE') THEN
IF (AS(30:31) SEQ. 'LOI) BEATYPS - 'LC'
IF (AS(30a31) .1g. 'OH') SEATYS - 'SC'

END IF

I? (AS(1B:24) .EQ. 'SIGN!?.') THEN~
READ (AS(40:4S)#'(F6.2)') SIGWH

END IF

IF (AS(l8t22) .EQ. 'NODAL') THEN
READ (AS(40t4S),'(F6.2)') TNODAL

END IF

IF (AS(lB:26) -EQ. 'STATISTIC') THEN
READ (AS(S4:59),1(?6.2)1) STATIS

END IF

IF (AS(1B:39) .EQ. 'INIEBR OF WAVE POINTS:') THIN
READ (AS(40t44),'(1S)1) NWPOINT
IT (NWPOINT .0T. 3) NWPOINT a 3
DO 20 I a 1,6

READ (3,1000)AS
20 CONTINUE

IF (NWPOINT GOT. 0) THEN
DO 30 I - INWPOINT
READ (3,'(2OX,I4,3F8.l,A.20)') WPTNTJM(I),VPNTXLOC(I),

2 WPNTYLOC(I) ,WPNTZLOC(I), WPNTNAHES (I)
30 CONTINUE

END!?

END!?

IF (AS(38:48) EQg. 'STATISTICAL') THIN
READ (3,'1(///) 1)
DO 40 I-1,NSTHCHAN
READ (3,'(7X,A8,2X,A6,IOX,F1O.3,22X,F2O.3)') STHCHN(I),

2 STHUNT(I),(STHSTD(I,J),J-1,2)
40 CONTMNE

END IF

00 TO 10

50 CLO0SE (3) 1 Close STH.TEX file

RETVRN

END

C DECK SLENTH - Returns location of last non-blank character in a string
3/31/80 8:45 am
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SUBROUTINE BLINTH (AS,K)

CHRRACTZR* (0) AS

L-LIN(AS)
KwL+1
DO 10 M-1,L
KinK-i
17 (AS(KtK) MR4. CHAR(32)) GO TO 20 1 Test for trailing blanks

10 CONTIlNUE
20 CONTINUE

RETURN
END

C DECK UCASE - Converts strings to uppercase
* 4/16/88 11t20 pm

SUBROUTINE UCASE (ASL)

CRARACTZRR(-) AS
CHARACTER*1 LC(26),UC(26)
DATA LC l' b C,'''' f g h ','' k

2 f''' ''qr st,,u''', ,'x,''*5/

DATA UC /A '' C D ''','' H,'' 3,'' L ''
2 'N', '','-P'I,*Q', 'Rt,'IS', 'T','#Us, 'V','W','1X','y',.Z'I/

DO 20 Iin1,L
DO 10 Jul,26
IT (AS(1:1) NE4. LC(J)) GO TO 10
AS(IsI) - UC(3)
GO To 20

10 CONTINUE
20 COOTINUR

RETURN
END

C DECK WRACTHLOG - Writem ACTIILOG text file
* 9/3/89 8:15 pm

SUBROUT INE WRACTHLOG (FIB, ACTHDATAS, LACTHDATA, TRIALS ,LTRIAL,
2 RUNNO,TRUW,DTGS, COMHENTS,ASCII)

CHARACTER' (*) FIB ,ACTHDATAS, TRIALS ,DTGS, COIO4NTS
INTEGER RUNNO, ABC!!
CHARACTER' SO AS

*----------------------------------------------------------------------------------------------

* Open ACTHLOG text file

FISmACTHDATAS(1:LACTHDATA)//' \ACTHLOO.TEX'

OPEN (3,FILEFZS8,BTATUS'ONEW ,ZRR-10)

WRITE (3,-(/27X,'ACTH LOG RUN SWO(ARY')-)
WRITE (3,-(/19X,-TRIAL: ',A)") TRIALS(1:LTRIAL)
WRITE (3,-(/19X,-ACTII DATA PATH s ,A)") ACTHDATAS(l:LACTHDATA)
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WRITE (3,"(//19X,'TYPZ CODE I BI - BINARY, AS - ASCII')")
WRITE (3,*(/' RUN TYPE TIME DATE-TINE-GROUP

2 1 COMMENTS')")
00 TO 20

10 OPEN (3,FXLEUIIS,STATUS='OLD' ,ERR99)

15 READ (3,l000,ERR-20) AS
1000 FORMAT(A)

0O TO 1s

20 IF (MOD(RI.NNo, 5) SEQ. 1) WRITE (3,')
RTIME a TRUK / 60 1 Run time in minutes
IF (ASCII .EQ. 1) THEN I Binary data format

AS a 'Isi
ELSE i ASCII data format

AS a 'AS'
END I ?
WRITE (3,'(IS,2X,A2,F6.1,A4,3X,A13,4X,A)')

2 RUNNO, AS(1:2), RTIME, ' MNI', DTGS, COMHENTS(1:40)

CLOSE (3) 1 Close ACTHLOG.TEX file

RETURN

99 WRITE (,)'ERROR In writing ACTHLOG.TEX file'
STOP

END

C DECK WRACTHTEXT - Write ACTH text file
* 9/3/89 8:20 p.

SUBROUTINE WRACTHTEXT

COMMON /DLXO/ P1 ,DEGRAD, RADDEGMONTHS ,WAVEUTS ,ORGNAMES,
2 EPTNAMES, SPTNAMES, CHTYPES,CHUNITS, CHSYSTMS

CHARACTER MONTHS(12)*3,WAVEHTS'12,ORGNAMES(6)'12
CHARACTER EPTNAMES(7) '12 ,SPTNAMZS(7)*12
CHARACTER CHTYPES(S)*3,C14UNITS(7)*6,CHSYSTMS(2)*S

COMMON /DLK1/ AS,FIS, STHDATASP LSTHDATA, SRUNF KSRUN, LSRUN,
2 SHIPTYPS,TRIALS,LTRIAL,SHIPS,LSHIP,VARIANTSD CYCLES,SUNITS,
2 LSUNIT,CO)OAENTS

CHARACTER*S0 AS, 75, STHDATAS
CHARACTER SRUN'6,SHIPTYPS'8,TRIALS'40,SUNITS*6,COXMNETS'40
CHARACTER SHIPS*S
CHARACTER VARIANTS*1, CYCLES*2

COMMON /BLK2 / STHRUN, CM?,COUNT, NSTIICHAN, GRAy, LPP, LCO, DBLL,
2 SRATE, DT, TSTARTI TSTOP, TRUN ,WAVEHT, SURGE, SWAY, HEAVE, ROLL, PITCH,
2 YAW, STHDATA,WAVEHTP, SHPSPD,HDNOD SEATYPS, SIGWH,TMODAL, STATIS,
2 STHCHN ,STIIUNT, STHSTD ,ASCII

INTEGER CNT, COUNT, ASCII
REAL LPP,LCG
CHARACTER STHCHN(10)'8,STHUNT(10)-6,SEAT-YPS-2
REAL STHSTD(10,2),STHDATA(10),WAVEHTP(3)

COMMON /3LK3/ ACTHDATAS, LACTHDATA,S'IARTRUN, NRUNS ,ACTHRUN, DTOS,
2 ARUN, KARUN ,LARUN, NPOINT, PNT, PNTXLOC, PNTYLOC, PNTZLOC, PNTNAMES,
2 NCHMAX, NCHAN, POINTS, SHIPSYS, CHNPT1IO, CHNXLOC, CHNYLO)C, CHNNLOC,
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2 CHNPTNACTITLE,CTYPE,CUNITS,CSYSTM, CH,CHN,CHNNUM,C1,ACTHDATA,
2 FACTOR, RESULTS, PEAK

CRAXACTER*80 ACTHDATAS
CHARACTER AAUN'6, DTGS*13
INTEGER STARTRUN,ACTHRUND PNTPOINTS,SHIPSYS
DIMENSION PNTXLOC(0:10),?NTYLOC(0s1O),PNTZLOC(0:10)
OHAACTER PNTNAmES (0:10)'20
DIMENSION CHNXLOC(16),CHNYLO-C(16),CHNZLOC(16)
INTEGER CHNPTNO(16)
CHARACTER*20 CHNPTNA(16)
CHARACTER*12 CTITLE(16)
CUARACTZR*4 CTYPE (16)
CUARACTER*4 CUNITS (16)
CHARACTER*S CSYSTM(16)
INTEGER CH(16,S),CHN,CHNNHU
INTEGER-2 Cl(26)
RMA ACTHDATA (16)
DIMENSION FACTOR(16),RESULTS(16,4),PEAK(I6)

COMMON /WAVEPNT/ NWPOINT,WPTNUM,WPNTXLOC,WPNTYLOC,WPNTZLOC,
2 WPNTNAMES

DIMENSION WPTNUM(3),WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3)
CHARACTER WPNTNAMES (3) *20
INTEGER WPTNUM

Write ARX.TZX file

PIS - ACTHDATAS(l:LACTHDATA)//'\AR'//AWtJN(XARUW:LARUN)//'.TEV'
OPEN (3,FILE-FIS, FORM= FORMATTED *,STATUS. UNKNOWN')

WRITE (3,'('RUN DATE-TIME-GROUP - ",A13)1) DTGS
WRITE (3,-(/A13,-, 0, O,-,IS,-, 0, 0,-,PS.,-,-,14)')

2 DTOS, HDNG, BOWN, TMODAL
WRITE (3,1(//77("-"))-)
WRITE (3,1(/OTRIAL: ",A)') TRIALS(1sLTRIAL)
WRITE (3,'(/"UIC CODE: ",AS)') SHIPS
WRITE (3,@(/wRUNs:H14)*) ACTHRUN
WRITE (3,1(/OCOMMENTSs ",A)*) COMMENTS(1i40)
WRITE (3,-(/-CORRESPONDING 8TH RUNs",14)') STHRUN
WRITE (3,'(/wSAMPLE RATE t".,FS.1)') SRATE
WRITE (3,1(-START TIMEsw,FS.1)1) TSTART
WRITE (3,*("STOP TIHEt",F8.1)1) TSTOP
WRITE (3,'(-RVN TIME:",FS.l1p) TRUN
WRITE (3,-(1,-BHIP TYPE: ",A)') SHIPTYPS
WRITE (3,'(SHIP: -,A)-) SHIPS
WRIT: (3,'("HULL VARIANT: ",A)') VARIANTS
WRIT: (3,'(OMP CYCLE NO: ",A)') CYCLES
WRITE (3,'(/,UMNIT~s ",A)*) SUNITS
WRITE (3,9(wORAVITY: ",?10.4)*) GRAV
WRIT: (3,-(SHIP LENGTH: ",14)1) LIP
WRITE (3,400) LOG

400 FORMAT('WONGITUDINAL CENTER OF GRAVITY (REF FROM FP)s 1,F10.2)
WRIT: (3,410) DDLWL

410 FORMAT('DISTANCE FROM BASELINE TO WATERLINE: 1,Fl0.2,//)
WRITE (3,-(SHIP SPEED: ",FS.2,0 KNOTS')') SHPSPD
WRIT: (3,420) HDNG

420 FORMAT (/-PREDOMINANT HEADING s *,F5.0,' DEG*/
2 /3X,- SMP OUTPUT HEADING REF. t
2 /3X,-- ---------w---- --------------
2 /3X,- 0 dog-head seas,
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2 /3X#' 90 demuotbd beam @Sao,
2 /3X,' 180 degnfollowing sea@ If

IF (SEATYPS(1:2) .EQ. "LC") THEN
WRITE (3,'("SEA TYPE :LONQCRESTZD SEAS")')

ELSE
WRITE (3,-( -SEA TYPE aSKORTCRESTED SEAS*)*)

END IF
WRITE (3,430) SIGWH,SUNITS

430 FORMAT ('SIGN!?. WAVE HEIGHT t 1,F6.2,' ',A6)
WRITE (3,440) THODAL

440 FORMAT ('MODAL WAVE PERIOD : ',F6.2,' SEC'/)
WRITE (3,450) STATIS

450 FORMAT ('STATISTIC USED FOR ROLL ITERATION : ',F6.2,1 RI(S')

WRITE (3,' (///32X,"STH PROGRAX"/2SX, "STATISTICAL RESULTS-//
2 24X,"TIMZ DOMAIN FREQ. DOMAIN"/
2 a CHAN NAME UNIT STDDEV STDDEV"/)')

DO 10 I - 1,NSTHCHAN
WRITE (3,460) I,STHCHN(I),STHUNT(I),(STHSTD(I,J),J-1,2)

460 FORMAT (14,3X,AS,2X,A6,F1O.3,4X,F10.3)
10 CONTINUE

WRITE (3,470) NWPOINT
47,1 FORMAT (III-NO OF WAVE POINTS: ',13//)

,r -! (3,480)
480 1 miAT (28X,'List. of Wave Points'//10X,

2 ' NO XLOC YLOC ZLOC NAME-/12X,51('--))
IF (NWPOINT GOT. 0) THEN
DO 20 PNT-2,NWPOINT
WRITE (3, '(lOX, 14,3F7.l,3X,A20)') PNTWPNTXWOC(PNI'),

2 WPNTYLOC (PUT), WPNTZLOC (PUT) ,WPNTNAMES (PUT)
20 CONTINUE

END I?

WRITE (3,490) NPOINT
490 FORMAT (///-NO OF POINTS: 1,13//)

WRITE (3,500)
500 FORMAT (28X,'List of Points'//1OX,

2 1 No XLOC YLOC ZLOC NANE'f12X,51('-'))
IT (NPOINT .GT. 0) THEN
DO 30 PNTU1,NPOINT
WRITE (3,'(1OX,I4,3F7.l,3X,A20)') PNT,PNTXLOC(PHT),

2 PIMTLOC (PNT) ,PNTZLOC (PNT),PNTNAXES (PM?)
30 CONTINUE

END IF

WRITE (3,505) XCHAN
505 FORMAT (III'NO OF CHANNELSt -,13//)

WRITE (3,510)
510 FORMAT (19X,ILLst of Channels with Associated Points'/)

WRITE (3,520)
520 FORMAT (l3X,-CHAKNEL-,29X,'POINT')

WRITE (3,530)
530 FORMAT (' NO. NAME TYPE UNIT SYSTEM NO. XW4C YLOC'

2 ' ZLOC NAME'/lX,29("--),SX,44("--))
DO 40 CHNi a 1,NCHAN
WRITE (3,540) CHN,CTIThE(CHN),CTYPZ(CHN),CUNITS(CIOE),CSYSTM(CHN),

2 CHUIPTMO (Clii), CINXLOC (CHii), CHNYLOC (CHii) ,CHN2LO)C(CHii) ,CHNPTNA (Clii)
540 FORMAT (13,2X,A6,2X,A3,2X,A4,2X,AS,6X,12,2X,FS.2, 1X,FS.1,1X,75.1,
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2 2X,A20)
40 CONTINUE

WRITE (3,,(///)')
WRITE (3,'(77() /",22X,-X I N I M4 U M A N A L Y S 1 S*,

2 22X,-II77(--!)/al CHAN. TITLE" 7X 0UNITS",6X,-MEAN-,GX,
2 *STD. DSV.",SX,"MAX-,9X,-MIN-,6XI/7("])
0O 230 CHNIl,NCHAN
WRITE (3,1010) CHN,CTITLZ(CHN),CUNITS(CHN),

NO ~2 (RSIULT8(CHN,J),Jwl,4)1)
1010 FORMAT (I 1 12,2X,Al2,2X,A4,1X,lP4Zl2.3,'

17 (CUN.G1. 1 1.AND. 340D(CHN,S).3Q.0) WRITE (3, (-I",7SX,-I)-)
230 CONTINUE

WRITE (3,'(77(---"fl*
WRITE (3,1020)

1020 FORMAT (//-CHANNEL NO./TITLZ',8X,'Peak',11X,140&W',11X,'STDDEVI)
WRITE (3,-) (CHAR(205),Iul,66)
DO 240 CHl-,NCIIAN
WRITE (3,1030) CHN,CTITLE(CHN),PEAX(CHN),

2 (RESULTS(CHI,J),J-1,2)
1030 FORMAT (1X,12,2XA12,7X,1PE10.3,SX,lPE1O.3,SX,IPE1O.3)
240 CONTINUE

WRITE (3,'(/*TotaJ. number of data records this run -,S-
2 COUNT

CLOSE (3) 1 Close ACTH text file

RETURN

END

C PROGRAM END
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